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INTERFERENCE 


rr RERIAL 
THERE'S A NAME BEHIND IT! 


WHAT iT DOES It has been specially designed to alleviate inter- 


ference caused by radiation from electrically- 
operated transport, vehicle ignition systems, electrical appliances using 
commutator motors, lighting systems, etc. A high signal level is obtained 
and this ensures better listening on all broadcast wavelengths, giving 
maximum choice of programmes against a quiet background. 


WHAT IT IS A 60-ft. polythene-protected dipole complete 
with insulators and matching transformer, 80-ft. 


coaxial screened downlead with polythene plug moulded to each end, 
and a receiver transformer. All the necessary components for the Aerial 
are included in the complete kit. 


Write for Publication No. 221N giving further information. 
Obtainable only from recognised dealers. £6.18.0 
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ANTI-INTERFERENCE AERIAL 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements is twelve words or less 5/- and 4d. for every additional word. 


Box number 2/- extra, except 


in the case of advertisements in ‘Situations be cg aa it is added free of charge. A remittance must accompany the 


advertisement. Replies 


London, W.C.2 and marked “Electronic Engineering.” 


to box numbers should be ad 


in the following issue. 


to: Morgan Bros. (Publishers) Ltd., 28, Essex Street, Strand, 
Advertisements must be received before the 10th of the month for insertion 





OFFICIAL APPOINTMENTS 
Vacancies advertised are restricted to persons or employ* 
ments excepted from the provisions of the Control, of 
Bagagement Order, 1947. ‘ 


B.B.C. invites applications for an Engineering post in 
the Recording Section~of Research Department based 
initially at Balham, S.W.12, and probably after about 
ayear at Kingswood, Surrey. Applicants must possess 
a University Degree or equivalent qualifications in 
Electrical Engineering. Experience in the design of 

ht electrical and mechanical equipment and the 

ility to guide development work in the drawing 
office and workshops essential. A knowledge of Music 
will be an advantage. The successful applicant will be 
employed on research and development work in all 
aspects of sound recording, and familiarity with low- 
frequency electronic technique is essential. Ample 
gseope will be afforded for initiative. The salary is in a 
grade with annual increments of £30 and a maximum 
of £680 per annum. Applications, stating age, 

alifications, details of past and present employment, 
ould reach the Engineering Establishment Officer, 
Broadcasting House, London, W.1, within seven days 
of the appearance of this advertisement. Please quote 


B.B.C. invites applications for an Engineering post 
in the Audio Frequency Section of Research Depart- 
ment, based initially at Balham, S.W.12, and probably 
after twelve months at Kingswood, Surrey. Candidates 
must possess a University Degree or equivalent 
Qualifications in Electrical Engineering or Physics 
and must have studied telecommunications as part of 
their curriculum. A knowledge of electrical measure- 
ments, measuring instruments, and experience in 
microphone and loudspeaker technique, is essential, 
while musical ability would be of great advantage. 
Preference will be given to a candidate with the ability 
to guide development work in the drawing office and 
workshops. The successful candidate will be required 
to take part in research on microphones and loud- 
Speakers and all other aspects of audio frequency 
fesearch and development. The salary is in a grade 
with annual increments of £40 and a maximum salary 
of £890 _per annum. Applications, stating age, 
reer details of past and present employment, 

uld reach the Engineering Establishment Officer, 
Broadcasting House, London, W.1, within seven days 
of the appearance cf this advertisement. 





SITUATIONS VACANT 


BUSH RADIO LIMITED. Applications are invited 
from experienced radio engineers for the following 
positions: (a) Development work on communications 
and domestic radio receivers; (b) Development 
work on test gearefor quality control television pro- 
duction and laboratory use. Apply in writing only, 
giving age, details of experience, qualifications, salary 
fequired, etc., to the Labour Manager, Bush Radio 
Ltd., Power Road, Chiswick, W.4. 


CHIEF ESTIMATOR required by substantial West 
of England Engineers manufacturing electronic and 
other fight electrical apparatus and precision instru- 
ments. a must have wide ex 
estimating this class of manufacture for and also 
of operation planning and rate-fixing. Salary com- 
mensurate with experience. Details of experience and 
salary required to Box 487, E.E. 


SALES MANAGER soqtees by substantial pro- 
gressive West of England Engineers manufact' 
electronic and other light electrical ap tus an 
precision instruments, Applicants must be Engineers 
With extensive experience of sale of these products in 
Home and Export markets, advertising and press 
romeo Good salary and — to man of 

tiative and proven ability. Details of experience to 
Box 485, E.E. 


LARGE ELECTRICAL ENGINEERING firm in 
South London with International connexions, has 
Vacancy for responsible Senior Design Engineer. 
Applicants must have first-class experience in develop- 
ing 70 cycle and A.F. electronic equipment to pro- 
duction stage and a feeling for light mechanical desi 
University preferred. Very interesting per- 
manent appointment. State age and salary required. 
Box E.E.80, L.P.E., r10, St. Martin’s Lane, W.C.2. 


A 


ience of 





_details and salary to “ B.B.J 


THE FAIREY AVIATION COMPANY LTD., 
Hayes, Middx., requires Engineers with experience of 
electro-mechanical servomechanism control circuits 
or auto-pilot design for Research Divisions, U.K. and 
Australia. Applicants should be capable of under- 
taking research and development work on the above. 
University Degree or equivalent an advantage. Apply 
Personnel Manager. 


DEVELOPMENT ENGINEER required for develop- 
ment of electronic control and recording equipment. 
Must possess Honours Degree in Physics or Engineering 
and have practical experience. Salary according to 
qualifications. Brown Brothers and Co. Ltd., Rosebank 
Ironworks, Edinburgh, 7. 


TECHNICIAN, with experience in Electronics, Radio 
or Radar, is required to assist in the design, construc- 
tion and maintenance of laboratory and process control 
electronic instruments. Applications, giving experience 
and salary required, to be marked “ Personal” and 
addressed to the Chief Metallurgist, The Yorkshire 
Copper Works, Ltd., Pontefract Road, Leeds. 


SALES ENGINEER. Must possess qualifications 
and experience of R.F, Cables and ability to act as 
technical representative. Active men used to own 
initiative. Part-time also considered. Write fullest 
” c/o Dixons, 43 Great 
Marlborough Street, London, W.1. 


SENIOR DEVELOPMENT ENGINEER required 
by well-known Instrument Company engaged in the 
industrial instrument field. Good Degree or equivalent 
essential, also some experience in both Electronic and 
Magnetic Design and development up to production 
stage. Apply, stating age, full details of education and 
experience, also salary required, to Box 530, E.E. 


LOUDSPEAKER Chief Designer required by the 
Components Division of the Plessey Co., Ltd., Ilford, 
Essex, to take charge of Commercial and Government 
Development and design of all radio and inter- 
communication speakers. Suitable applicants must 
have had at least five years’ experience of speaker 
design and of putting the designs into production. 
Applications, which will be treated in strict confidence, 
should state full details of experience and salary 
required and be addressed to the Personnel Manager. 


WANTED: Test Gear Maintenance Engineer for 
large manufacturing concern engaged in radar and 
radio products. Only men with previous experience and 
knowledge of this branch of the industry need apply. 
Box 531, E.E. 


JUNIOR Electronic Engineers required. Must have 
sound technical background and show initiative, in 
particular, in reasoning from effect to cause. Any 
knowledge of pulse and U.H.F. techniques an advant- 
age. Apply, in writing, to J. Langham Thompson 
& Co., Springland Laboratories, Stanmore Hill, 
Middlesex. 


REQUIRED, several Senior Mechanical or Electrical 
Draughtsmen with experience in the design of mercury 
arc rectifiers, high-vacuum plant or nuclear physics 
equipment. Manchester district. Five-day week. 
Paid overtime. Salary according toexperience. Apply, 
giving qualifications, educational and training, and 
— of experience (mark envelope TTE), Box 532, 


CHIEF DESIGNER of fluorescent chokes and mains 
transformers required by the Components Division of 
the Plessey Co. Ltd., Ilford, Essex. Suitable applicants 
must have had at least five years’ experience of the 
development and design of chokes and transformers 
for the illumination and radio industries and must be 
capable of originating the designs and carrying through 
to production. Applications, which will be treated in 
strict confidence, should state full details of experience 
and salary required, and be addressed to the Personnel 
Manager. 


ELECTRICAL or Electro-Mechanical Engineers, 
with design experience, are required for progressive 
positions. Qualifications :—three years or more 
actual development work connected with the following : 
recording equipment (disk, film or tape), audio 
frequency amplifiers, high-grade fractional horse-power 
motors. Salary according to age and qualifications. 
Vacancies also exist for Senior Engineers with experi- 
ence of tropicalised Pp , tadar, radio com- 
munications and television ip t. Candidat 
should send full details of experience and qualifications 
to Personnel Department, E.M.I. Engineering Develop- 
ment Ltd., Blyth Road, Hayes, Middx. ‘ 


+ 








TECHNICIAN required by instrument manufacturers 
to take charge of electrical calibrating and testing 
laboratory in Glasgow. Experience of industrial instru- 
ments essential, Also vacancy for Junior Development 
Engineer, Higher National Certificate or equivalent in 
Electrical Engineering. Box 541, E.E. 


POSITIONS AVAILABLE for experienced Senior 
and Junior Development and Research Engineers 
(preference B.Sc. and H.N.C.); also experienced 
Draughtsmen for radio, radar, electronics, speakers 
etc. Inspectors, Testers, Repairers, Service Engineers 
required. Technical Employment Agency, 179 
Clapham Road, S.W.9. BRixton 3487. 


NEUROPSYCHIATRIC Research Centre, Whit- 
church Hospital, Cardiff. Applieations are invited for 
Electronics Technician for E.E.G. work. Opportunity 
of assisting in research. Salary, £300 or £400, according 
to qualifications and experience, with superannuation 
on the N.H.S. Scheme. Apply at once to the Director. 


BRITISH COMPANY, operating in Brazil, requires 
a Toll Plant Superintendent for an extensive toll net- 
work of voice and carrier frequency telephone circuits 
serving large and small towns in an area of 200,000 
square miles. Candidates should be about 35 years of 
age, should have an Engineering Degree or equivalent, 
and wide telephone experience. The engagement pro- 
vides for three years of service with four months of 
leave, and will be permanent for a man of satisfactory 
ability. The position is of an executive character with 
good salary. Suitable candidates only should write, 
giving personal particulars and full details of education 
and experience, to Box E.E.321 at 191 Gresham House, 
E.C.2. 


INDUSTRIAL ELECTRONIC ENGINEERS re- 
quired, Manchester area, for technical representation, 
installation and service work. Higher National Cer- 
tificate standard. Reply, stating age, qualifications, 
experience, salary required. Box 538, E.E. 


TECHNICAL CORRESPONDENCE CLERK re- 
quired by Radio Component Manufacturer to handle 
technical and other correspondence. Only fully 
qualified applicants can be considered, State age, 
experience and salary required, to Box 537, E.E. 


APPLICATIONS are invited from Engineering and 
Physics Graduates by the Research Laboratories of 
The General Electric Co. Ltd., East Lane, North 
Wembley, Middx., for work on telecommunication 
equipment and radio navigation aids. Details of age, 
academic record and experience should be sent to the 
Personnel Officer. 


LABORATORY ASSISTANT, age 20 to 24 years, 
required for the Association’s Electronics Section, to 
be engaged mainly on building laboratory equipment. 
Must be able to work direct from circuit diagrams. 
Written applications, giving age, experience and 
salary required, to Motor Industry Research 
Association, Great West Road, Brentford, Middlesex. 


A LARGE COMPANY in East London area requires 
a Senior Engineer to be attached to the Electronic 
Instrument Department to develop microwave and 
U.H.F. measuring equipment. The position is a senior 
one and calls for a man with considerable experience 
who is able to work on own initiative. Please state 
full details of experience and qualifications to Box 535, 
E.E. 


AN INTERESTING VACANCY exists for Honours 
Degree Physicist or Electrical Engineer to take charge 
of instrumentation development work on industrial 
electronic equipment in Midlands. Preferably 28 35 
years old, with previous experience and a capacity for 
leading a development team. Please quote Ref. 232 
and send full details and salary required, to Box 534, 


MECHANICAL DESIGNER for electrical and radio 
components required by the Components Division of 
the Plessey Co, Ltd., Ilford, Essex. Applicants should 
have comprehensive experience in the mechanical 
design of radio components or the design of light 
electrical and mechanical assemblies for mass pro- 
duction. Applications, which will be treated in strict 
confidence, should be in writing, stating full details of 
experience and salary required, and addressed to the 
Personnel Manager. 


VALVE Manufacturing Company in S.E. England, 
require a design Engineer with experience of mercury 
vapour rectifier valves. Graduates aged 25-35 should 
apply, quoting Ref. No. C.6/234, to Box 542, E.E. 


BR RT 








CLASSIFIED ANNOUNCEMENTS (Cont'd. 


REQUIRED by a firm engaged in the development 
and design of telecommunication equipment near 
Maidenhead :—(1) Engineers having Degrees in Physics 
or Engineering Science, with ae pong oR in the 
development and design of H.F. single- 
el or multi-c radio telephony equipment. 
(2) Assistants with practical experience in assisting in 
the rig = of such equipment and the assembling of 
ee * scale with annual increments and pen- 
sion nog Oe he in writing, to Box 406, Dorland 
Advertising Ltd., 18-20 Regent Street, S.W.1. 


QUALIFIED PHYSICIST required for instrument 
research by West London Aero Engine Manufacturers. 
ae ience of industrial instrumentation desirable. 

details of qualifications, experience and salary 
el to Box No. A.C.551 c/o The Central News, 
17 Moorgate, London, E.C.2. 


DESIGNER DRAUGHTSMEN required by Airmec 
Laboratories Ltd., Cressex, High Wycombe, for work 
in the field of radio and telecommunications equipment. 
Applicants should have served a recognised apprentice- 
pom in light engineering or have equivalent shop 

aining, also academic Lara: one to the Senior 
National Certificate standard in Electrical E: 





ngineering 
or Mechanical Engineering. Applications should be 
made in writing, stating age, tions, 





experience and salary required, to the Personnel 
Manager. 


aaaee ENGINEER for Technical Publications 

Dept., with experience of compiling service literature 

on Domestic Radio and Television Receivers. Applica- 

tions by letter only, stating age, experience and 

ualifications, salary, etc., to the Personnel Manager, 
ush Radio Ltd., Power Road, Chiswick, W.4. 


THE United Newcastle-upon-Tyne Hospitals and 
King’s College, University of Durham. Applications 
are invited for the post of Technician in the Section of 
Electroencephalography in the joint Department of 
chological edicine, Medical School, King’s 
lege, and the Royal Victoria Infirmary. The 
Technician will work under the direction of the Professor 
of Psychological Medicine and the Research Assistant 
in Electroencephalography. His work will be con- 
cerned with the maintenance of an electroencephalo- 
graph and the construction and development of related 
apparatus. There is considerable scope for ingenuity. 
Arrangements will be made for the successful candidate 
to attend a course of training in the more specialised 
side of the work. The salary will be as follows in 
accordance with the Medical Laboratory Technicians 
scale—{360 per annum, rising by {15 per annum to 
£435 per annum. Applications, giving age, qualifica- 
tions and experience, with the names and addresses of 
referees, should be sent to the undersigned 
within one week of the date of appearance of this 
advertisement. . W. Sanderson, House Governor 
and Secretary, Royal Victoria Infirmary, Newcastle- 
upon-Tyne. 


RADIO ENGINEER required for work in London 

on domestic receiver designs for export. Applicants 

must have had previous experience of this work and, 

preferably, at least one model ey mass- 
uced. Send particulars of education, tr 

and experience, also date of birth and salary requir ~~ 

to Box 547, E.E. 


SALES ENGINEER, experienced in selling radio 
test gear and electronic equipment to industry, 
required by small group of companiés, London head- 
quarters. Write giving date of birth, full details of 
experience and remuneration required to Box 548, E.E. 





SITUATIONS WANTED 


CINE-TECHNICIAN, at present with well-known 
Film Company, is keenly interested in television, and 
desires a change to a p ive firm. where his 
experience can be of mutual benefit. The advertiser 
2 dggen 3 experienced in cine-technology, is accustomed 
o and development work, and the 

of staff. Box 543, E.E. 


PRODUCTION 
Electrical Trade. 
ence jure, SL conperttien Pp gal pro- 
gress, ma control, stores, etc. Box 546, E 


ee EX-CAPTAIN, R.E.M.E., B.Sc. Electrical 
» post-graduate apprenticeship in — 
ce. eras experience of radio and electronics, see! 
—— position or partnership. London pLewy 
capital available. Box 536, E.E. 


ragga 
Age 39, married. 


a. or 
_— experi- 


Electronic Engineering 


BUSINESS OPPORTUNITIES 


BUSINESS FOR ~—— Small retail and 
manufacturing lient connexions in 
new expanding field of Goetetats instruments seeks 
lock, stock and barrel sale. Provisional price, £3,000. 
Full details, reasons for sale, supplied to bona fide 
inquirers. Box 529, E.E. 








EDUCATIONAL 


PRIVATE TUITION for A.M.I.E.E. examinations. 
Individual tuition by qualified engineer-lecturer. 
Box 545, E.E. 


A.M.LE.E., City and Guilds, etc., on “‘ NO PASS— 
NO FEE” terms. Over 95 per cent. successes. For 
full details of modern courses in all branches of 
Electrical Technol: send for our 112-page handbook 
—FREE and post B.LE.T. (Dept. 337B), 17, 
Stratford Place, London, Wa 





SERVICE 
LOUDSPEAKER — = em 


make, moderate Speakers, 12, 
Pembroke Street, London, Ne sia 
— MANUFACTURERS can undertake 

evelopment and assembly of radio or electronic 
equipment Winding shop with vacuum impregnation 
p t. Ample space en labour available. Box 316, 


American, any 


EARL Services, [Electronic Consultants, offer 
specialised advice ’and information regarding electronic 
roblems of all kinds. Moderate charges. Facilities 
‘or research and development work, preparation of test 
reports and technical literature, etc. Prototypes built 
to manufacturer’s requirements. No inquiry is too 
large or too small to receive careful attention by fully 
eau engineers. Inquiries should be addressed to 
arl Services, Matford Avenue, Exeter. Tel.: 4220. 


FACILITIES for the inspection by Electronic 
Engineers of production processes invariably results in 
a worthwhile time or labour saving suggestion. May 
we have the pleasure of an invitation to your works 
with such an end in view. Spencer-West, Quay Works, 
Great Yarmouth. 


TRANSLATIONS from Russian, by an Honours 
— Graduate. Moderate terms. Box 533, 


ADVICE on problems of high vacua, special electronic 
devices, radioactivity and radiography, given by 
consultant Physicists with wide academic and 
industrial experience. Box 544, E.E. 





FOR SALE 


WEBB'S 1048 Radio Map of World, new multi-colour 

mpeg Be et with up-to-date call and fresh informa- 
heavy art paper, 48. » Post 6d. On linen 

on rollers, 11s. 6d. post od. 

Accumulator Chargers, 


IN 

Ro Converters, P.A. Amplifiers, Mikes, Mains 
Ti ers, S ers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GERrard 4447. 


— ——— $ ga 9 tinned, Litz, a, 
covered. gauges. B.A. screws, nuts, w 
soldering tags, dar gg Benne =| 
= panels, tu Tufnol 

rod. Permanent detectors, etc. List S.A.E. Trade 
supplied. Post Radio Supplies, 33, Bourne Gardens 
London, E.4. 

A QUANTITY of Type rool Variacs 2 KVA. 
Thoroughly inspected and tested. 8 gns. each, 
carriage extra. Box No. 452, E.E. 


CHASSIS, panels, racks and metal cabinets. Stock 
sizes or made to specification in steel or aluminium. 
Wrinkle finishes available. E 

and Electrical Company, Coleshill Road, Sutton 
Coldfield. 


CAPACITORS—paper dielectric in rectangular 
metal cans. 2F 500 volts D.C. and 1yF 1,000 volts 
> C. In unused condition. Appro: roximately’ Sg <* for 
Radio frequency k le by B.I bles, 

-018 low ca’ nee twin semi-air-spaced 
— a 


John 





Stan and 3 
caged 3 cab “ = star- 


cable ge ~vhey he. 128, mel pe -032, 1/.056. 

Cashmore Ltd., Great Bridge, Tipton, Staffs. 

ELECTRON MULTIPLIER PHOTOCELLS, gas- 

filled triodes and tetrodes, cold cathode tubes, =F om 

indicating mechanism, ete available from stock. Send 

——. + new lists. A. McMillan, 5 Oakfield Road, 
ristol, 8. 


June, 1949 


EX-ADMIRALTY, 0.75 K.V.A. Transformers, 
230/230 with totally screened secondaries. Weight, 
75 lb. 4 gus. each. Box 504, E.E. 

VALVES at half-price! Any type supplied, new, boxed 
and guaranteed at half list price. rvice Engineer 
disposing of large stock. Box 482, E.E. 


PAPER CAPACITORS, metal cans : 4 BF 2,000V 
— 6s. 11d.; 4 pF 500V D.C., 38. 6d.; 6 uF 750V 
D.C., 6s, 6d.; 8 wF 750V D.C., ’gs. 3d. ‘All post free, 


National Radio Supplies, 66, Holdenhurst Road, 
Bournemouth. 


PROJECT CLOSURE. 290 valves, new, boxed. 


Two Avometers as new. Dumont ’scope. Quantity 
components, new and used. £80. Box 540, E.E. 
ELECTRONIC ENGINEERING, July, 1946 to 


date. Offers to Curtis, 
Footscray, Sidcup, Kent. 


JACK PORTER LTD. for reliable components at 
very keen Prices. Boxed 12 volt vibrators, 1s.; 6H6 
valves, 1s.; relays, 9d.; Sprague I5pF, 750 volt 
working oil’ block capacitors, 7s. 6d.; 0.01 Dubilier 
mica capacitors, 2s. 6d. dozen; 6SN7 valves (twin 
triodes), 4s.; moving coil headphones, with trans- 
former and M.C. microphone, boxed en. 108. ; 
6SH7 valves, 2s. Send for lists, Jack Porter Ltd., 
30/31, College Street, Worcester. 


100 Kce/s.-100 Mc/s. new H.F. oscillator unit, 
Ho7-100, ready for immediate incorporation in a 
signal generator, circuit complete instrument supplied, 
59s. 6d. Also large directly calibrated matched scale, 
size 9 in. by 5 in. All other parts available. Stamp 
for details, Radio Development Co., Moretonhamp- 
stead, Devon. 


LF.Ts, 465 Ke/s., 6s. pair.; 3W.B. coil pack kit, 
L.M.S., with iron-cored coils, or M.S.S., 9s. 6d.; 
8 uF 450V, 2s.; 1oopF+100pF, 2d. ; eyelets, ete., 
Is. gross; 820 ohms tapped droppers, 2s. 3d.; 5opF 
trimmers, 4d.; knobs, 4d. Send for cheapest list in 
England. Sussex Electronics Ltd. (T), Riley Road, 
Brighton. Tel.: 4446. 


OVER 9,000 LINES in Ex-Govt. wireless stock. 
Send for lists, S.A.E. Time clocks, Smiths’, new, 10s., 
post 1s. 6d. ; small A.C./D.C. motors, used, 4s. 6d, 
post 1s. 6d.; coaxial cable, only 8d. yard. John Clark, 
20. High Street, Buxton. Phone: 1193. 


INSTRUMENTS, including Cossor D.B. oscillograph, 
camera, impedance bridge, Marconi 1,000 Kejs, 
inductance bridge valve voltmeter Evershed bridge- 
meg, etc.. for sale to the best offer. Box 359, E.E. 


LOOK AT THESE PRICES! 2.5KV., 2V, 4V; 
EHTz2, tropicalised, insulation test 8,000V., tap 
rimary, 200, 220, 240V, 37s. 6d.; M.T.I. 275-0-275V, 
jomA, 6.3V, 3A, 5V, 2A, tapped primary, interleaved, 
impregnated, guaranteed, tapped primary, screened, 
16s. ; iron cored, 465 Kc/s. I.F.Ts., guaranteed, 6s. 6d. 
pair. Hillfields Mail Radio, 8 Burnham Road, Whitley, 
Coventry. 
SYLVANIA 1N22-1N21 CV101 crystal diodes 3/6 ea. 
0-100 A.C., 0-1 mA. meters. 12/6, EF50, VR78, VRo2, 
VR65, VR65A, 4/6 each. Send your requirements, 
Amateurs Paradise, 155, Humberstone Rd., Leicester. 


Kent House, High Street, 





PATENTS 


THE PROPRIETORS of British Patent No. 564,382 
relating to Electronic Translating Devices, are desirous 
of entering into arrangement by way of licence or 
otherwise on reasonable terms for the purpose of 
exploiting the same and ensuring its full development 
and practical working in this country. Interested 
parties who desire a copy of the Patent Specification 
and further particulars should cae to S. E. Matthews, 
of 14-18, Holborn, London, E 





WANTED 


WE WILL BUY at your price used radios, amplifiers, 

converters, test oon motors, pick-u s 

etc., radio and elec electrical accessories. Write, phone @ 
University Radio Ltd., 22, Lisle Street Londor, 

W.C.2. GERrard 4447. 

CARRIER TELEPHONE and Telegra) _ Equipment 

of all types in any condition wanted ; Teleprinte 

or Teletypewriter apparatus. Harris and Gillow, 9 

Wardour Street, W.1. 





INDEX TO ADVERTISERS 
SEE PAGE 32 
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ig 
- Electrometer 
Valves 


Type Description Va gm | pu lei Regt 
(V)|(uA/V) (A) {() 








ME1400 | A 4.5V Electrometer Pentode 
on an octal base suitable for use 
in high resistance circuits, e.g., | 45 | 240 —| <io!! oe 
pH meters, photocell units, and 
valve voltmeters. 





MEI401 | A 1.25V Sub-miniature Electro- 
meter Triode especially suitable | |2 70 1.8 | <2x10°!4 Diol4 
for use in nuclear radiation 
dosemeters. 





ME1402 | A 1.25V Sub-miniature Electro- Ig2= 
meter Tetrode especially suit- | 29 75 5 1<5x10°!5 
able for use in nuclear radiation 
dosemeters 
































Mullard have pleasure in offering a group of 
Mullard electrometer valves to suit an increasing number 
NEWS LETTER of industrial, research and medica! applications. 
If you are not The table above describes their principal features 
already on the and characteristics. Further technical details can 
mailing list for this 
service of advance 
information on new 
valves, please write 
et once. 


be obtained from the Transmitting and Industrial 
Valve Department. 


Mullard 


THERMIONIC VALVES 
AND ELECTRON TUBES 


When in Glasgow please visit our permanent exhibit at 
the Engineering Centre. 
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DESIGNERS AND MAKERS OF 


ELECTRONIC INSTRUMENTS 


and Industrial Equipment 


Airmec are specialists in the design, development and manufacture of Electronic 

Instruments. They have supplied such instruments to H.M. Ministries, the General Post Office and 
Industry. Their present range includes Dielectric Ionisation Testers, Signal Generators, Radiation 
Monitors, Counters, Industrial Electronic Heat Generators, Radio and Office Communication Systems, 
Oscilloscopes, Electric Motor Winding Testers, Linear Integrators, Bridge Amplifiers, Teleprinter Test 
Sets, Process Timers and Photocell 
Equipment. i 
AIRMEC welcome enquiries 

for instruments designed to customers’ 


own specifications. 








Literature describing stand- 


ard products is available on request, 





{nstrument illustrated: Stabilised Power Unit 


AIRMEC LABORATORIES LTD. 


HIGH WYCOMBE + BUCKINGHAMSHIRE * ENGLAND 
Telephon:: High Wycombe 2060 * Cables: Commlabs 


SCL EPR: 2 
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There’s more in resistance work 
than meets the eye! 








M.., have remarked onthe fine appearance 
of Muirhead Decade Resistance Boxes — 
but we are even more concerned with what 
we put inside them. 

Take, for instance, the A-25 series; all 
resistors are wound on cards by methods that 
ensure very low time-constants. The in- 
ternally mounted switches are protected from 
contamination and have low and constant 


contact resistance. 


Write for Publication C-102-A which gives full details and specification 


MUIRHEAD 











Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Tel. Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS 





CRC67A 
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Made in Three 
Principal Materials 
FREQUELEX e 
An insulating material of Low Dielectric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 
PERMALEX 


A High Permittivity Material. For the 
construction of Condensers of the small- 
est possible dimensions. 

TEMPLEX 

A Condenser material of medium per- 
mittivity. For the construction of 


Condensers having a constant capacity 
at all temperatures. 


BULLERS LOW LOSS CERAMICS 


BULLERS LTD., 6, LAURENCE POUNTNEY HILL, LONDON, €E.C.4 
Telephone: Mansion House 9971 (3 lines) Telegrams: “Bullers, Cannon, London” 
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29D2 


The Mazda 29D2 is a directly heated 


TECHNICAL DATA 


The bulb and stem are of C9 glass (Boro 
Silicate type) which will withstand tem- 
peratures up to 450°C, and the stem is 
15-20 mm. in diameter—the largest con- 

venient size for sealing on to an exhaust 
system. 
The grid is wound with Motung wire on nickel 
backbones: the collector is nickel and can be 
bombarded up to approximately 40w at 150mA 
maximum; the internal wire electrode is of 
molybdenum and can be bombarded at 20-25w 
with 60-100mA. The collector electrode is 
brought out to a side seal of Tungsten, the 
_. electrode itself being supported from a clamp band 
on the pinch, giving the necessary insulation. 
The 29D2 has a sensitivity of 20 micro-amperes per 
micron measured with 1mA flowing at + 185v or the 
grid and —25v on the collector. When in use it is 
advisable to employ an automatic filament control 
circuit to keep the grid current down to the required 
saturated value. 


Ionisation Gauge designed for use in High 
Vacuum measurement work. Coupled 
with a meter of 1 microamp sensitivity it 
is capable of recording pressure as low 
as | millionth of an atmosphere, mak- 
ing it particularly useful for research 
purposes in laboratories, universities, 
etc. Its accuracy and sensitivity 
under stringent operating condi- 
tions has been proved by its use 
in the fields of Electron Micro- 


scopy, Vacuum Plating and 


Atomic Research. Rating 
Filament Volts (approx.) aa was AS 6.0 
Filament Current (amps.) (approx.) ... sie wha 1.3 
Collector Voltage (volts) ae ren bis coe |= —— 2 5* 
Internal wire electrode voltage (volts) ae we) =6+1854 
Internal wire electrode current (mA)... : 1.0 
Collector Current pA/micron pressure wie ia 20 


* It is advisable to include 100,000 ohm resistor in series with this electrode. 
+ It is advisable to include 500 ohm resistor in series with this electrode. 


List Pr ice £4.10.0 Further details on request. 


[EIDIIS WAIN 


MAZDA 


RADIO VALVES AND CATHODE RAY TUBES 


V.127 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 
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WIRE ENDED 
CRYSTAL 
RECTIFIER \® ® 






















R.F. INPUT 






FOR BTH WIRE ENDED 


CRYSTAL RECTIFIERS 


@ The illustration shows a unit 
designed to measure radio frequency current 
up to O°l ampere in the range 95 to 105 me/s. 


Send us particulars of YOUR requirements. 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED» RUGBY * ENGLAND 
A3757 
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The most comprehensive range of Gells in the World... 


Available with three types of cathode surfaces :— 


TYPE A—Antimony-Caesium. (British Patent No. 
522.752 1938). Sensitive to blue light and 
daylight. : 

TYPE B—Bismuth etc.—Caesium. Sensitivity similar 
to human eye. 

TYPE S—Silver - Oxygen -Caesium. Red - infra-red 
sensitive. 

Cells for use in the ultra violet region of the 

spectrum + Cells of high insulation, linearity and 

stability for accurate photometric work * American 
type equivalents * Push-Pull types for double sound 
tracks + Special cells for dye image sound tracks, 
multipliers, etc. Please write for catalogue. 
Sixty different types of Photo-Electric Cells 


cnr — from miniature to multiplier— 


Registered Trade Mark 


FOREMOST IN THE MANUFACTURE OF 
@ COUNTERS & CHRONOMETERS @ PHOTO-ELECTRIC CELLS 
@ METAL DETECTORS @ CATHODE RAY TUBES 
@ OSCILLOSCOPES @ GEIGER-MULLER TUBES 
@ ELECTRONIC INSTRUMENTS 
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CINEMA-TELEVISION LIMITED 


WORSLEY BRIDGE ROAD, LONDON, S$.E.26 
Telephone: HiTher Green 4600 
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High Voltage 
Double Cup | 
CERAMICON | 


*Reg. U.S. Pat. Off. ) 
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Ga 5/16" 
SPECIFICATION nN 
itance 500 mmfd + 20° 813" 
agit mm = |DOUBIE CUP CONDENSER| ° [as 
15 kV working at 85°C. PHENOLIC CASE ! 


22.5 kV DC test TYPE 410 
500 VA R.F. loading 


Power factor <(3% 





a. 


115/16" FOR HI-K CERAMICS 

















.. 1°°/64" FOR STANDARD CERAMICS 





we with particular attention to the needs 
of the modern television receiver incorporating 
an E.H.T. Supply using an R.F. oscillator or the 


line time-base fly-back potential. 


ERIE Resistor Limited 


CARLISLE ROAD, THE HYDE, LONDON, N.W.9, ENGLAND 
Telephone: COLindale 8011 Cables: Resistor London 
Factories: London & Gt. Yarmouth; Toronto, Canada: Erie. Pa., U.S.A. 
3325 
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Walter Instruments 


LIMITED 


GARTH ROAD - LOWER MORDEN - SURREY - TELEPHONE: DERWENT 4421-2-3 
DESIGNERS AND MAKERS OF SWITCHES AND CAPACITORS 
CRC 43 
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information, service and 
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advice in relation 


to our products and the suppression of electrical interference 


How Is your Earth? 


Only last month we _ received 
a letter in which the writer 
explained that as he lived in a block 
of flats, he could not do better than 
a tin 7 in. square and 38 in. deep, 
full of earth. This was shown to 
our engineers, one of whom assured 
us that when investigating a recent 
case of interference, he found a 
radiogram ‘‘ earthed ’’ to a small 
flower pot, the soil of which was 
kept “‘ suitably moist.’” We thought 
that everybody had grown out of 
this sort of thing, and we would like 
readers to emphasise to their 
friends that the use of a good effi- 
cient “ solid ”’ earth is highly desir- 
able in the interest of reduction of 
interference and safety. Inciden- 
tally, the earth pin of a three-pin 
supply point is not the ideal earth 
for a receiver from the interference 
point of view, although it is the 


right way to “‘ earth ”’ an appliance 

and is often the most convenient to 

use. 

Suppression of Motor Vehicles with 
Magneto Ignition 


We have been asked what to do in 
these circumstances, BS. CP.1001 
recommends the use of a sparking 
plug suppressor L.1143 on each 
plug. Should you be so placed, for 
a four cylinder engine suppressors 
will cost you 4 at 1s. 6d. = 6s. in- 
stead of 2s. for a ‘‘ Belling-Lee ” 
distributor suppressor L.630. 


Protection of Aerials 


There are only a few things to be 
said in favour of light alloy tele- 
vision aerials, they are light, they 
do not rust, and the raw material is 
readily available. Those of you 
with steel aerials, whether broad- 
cast or T.V., should paint them 
every year or so. A good time to do 


“* We were very pleased to see so many old friends and to 
welcome new acquaintances at the B.I.F., and we look forward 
to meeting them all again at Radiolympia in the Autumn. 





and should be read as follows :— 


TELEVISION AERIAL LIST NUMBERS 


The list numbers of television aerials have been subject to alteration 


MIDLAND FREQUENCY AERIALS 





L652/C 


L652/L 
mast (in 3 packs). 


L652/LM Dipole, reflector and cross-arm, 8 ft. light alloy mast, chimney 
lashing and fabricated iron bracket (in 3 packs). 


Dipole, reflector and cross-arm with mast head adapter L651 
for 2} inch dia. wood mast (in 2 packs less mast,). 


As above, but with lashings and brackets for customer’s own 
* See below. 


LONDON FREQUENCY AERIALS 





L502/L 


L502/C 
own mast (one package). 


Dipole, reflector and cross-arm with mast-cap, chimney 
iota and brackets for customer’s own mast (one package). 

* A mast is not supplied, but a limited supply of poles, of slightly 
varying diameters is available, reference number | 
Die-cast wedges are supplied with masts, free of charge, to 
provide packing between mast and mast-cap. 


Dipole, reflector and cross-arm with mast-cap. For customer’s 


TYPES UNCHANGED 





Midland Versions 








Description 


L647/T Dipole with wall fixing bracket L501/T 
L647/L Dipole with chimney lashings L501/L 
L646 “*Veerod ”’ attic aerial L605 
L635 ‘*Veerod ’’ chimney aerial L606 
L678 ‘* Doorod ’’ indoor aerial L645 


London Versions 






















PSA 


7 Did you know? A motor ? 
car can seriously interfere 
with electronic research and 
television reception. 

Fit a ‘‘Belling-Lee’’ sup- 
pressor L.1274 or L.630 to 
the distributor lead, does 
not affect engine perform- 
ance and helps an industry 








This is a reproduction of a Belling-Lee 
Letter Sticker 


this is when your house is being 
redecorated and there are ladders 
about the place. We repeat, even 
lamp posts, park railings and 
bridges are painted regularly, and 
not for appearance. 


Cutting Down London T.V. Aerials to 
make them suitable for the Midland 
Station 


No it won’t do. We have said so 
before, and must repeat it, as so 
many people write and ask if they 
need only cut a piece off the ele- 
ment. The length of the cross-arm 
is also a function of the wavelength, 
and this should be cut to the same 
length as the element, which raises 
all kinds of complications when you 
try to do it. 


A Reliable 10mA Fuse 


We have perfected a method for 
the production of fuses rated at 10, 
15 and 25 mA blowing within one 
second on 100 per cent overload. 
The link is pure platinum wire, and 
complete cartridge is 5/8 in. by 
3/16 in. corresponding to our list 
No. L.562. These fuses pass the 
bump test specified in R.I.C./11 for 
yellow and green component cate- 
gories. The appropriate fuseholders 
are panel L.575, sealed panel L.565, 
open baseboard L.566. All these 
fuseholders have Service reference 
numbers. 





The illustration shows miniature panel 


Fuseholder L.575. Regd. Design No. 843289 


BELLING & LEE LTD 


| CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 








| 
| 
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The G.E.C. has always 
supplied the fullest possible 
technical data on OSRAM VALVES 


to assist designers and service engineers 









using the wide range of electronic devices 
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these OSRAM VALVE TECHNICAL DEPT. Magnet House, Kingsway, W.C.2 


PHOTO CELLS CATHODE RAY TUBES VALVES 






marketed by the Company. 






Copies of data sheets embodying all details 






on Ratings, Dimensions, Operating con- 












ditions, and Characteristic curves may be 








THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2. 
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RADIO VALVES AND TELEVISION TUBES 





pulse and R.F. Beam Tetrode having an anode 


The Mazda 6F17 is an indirectly heated miniature 
dissipation of 3.5 watts. 


AND R.F. BEAM TETRODE 
Maximum Anode Voltage (volts) ‘ 

Maximum Screen Voltage (volts) _ 

Mutual Conductance (mA/V) .. as 

Maximum Anode Dissipation (watts) 

Maximum Screen Dissipation (watts) 


Heater Current (amps) .. — o% = 


MINIATURE PULSE 
Heater Voltage (volts) .. +e oe ‘ive 





THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 
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UNITED INSULATOR co., LTD. 








THE FOLLOWING NEW ARRANGEMENTS 
ARE EFFECTIVE FROM _ APRIL_1st__ 1949 








j 
The United Insulator C0. 
The Telegraph Condenser Co.» Ltd., will specialise in the 
Ltd, wi undertake the manufacture of : 
production and sale of : CERAMIC DIELECTRICS, 
INSULATORS and other CERAMIC 





AND CERAMIC 
rto made by the BODIES. 






SILVERED MICA 
CONDENSERS hithe 


United Insulator Co., Ltd. 


Cc DIELECTRICS made _ by 
also be sold through T.C.C. 


CERAMI 
U.LC. will 





DELIVERIES 
All deliveries against orders outstanding on the 
ramic Condensers (and 
ill be invoiced 


31st March, * 49, for Silvered Mica and Ce 
Ceramic Die! ectrics for the fabrication of condensers) will 
by T.C.C., to whom enquiries and orders for such condensers and parts 
should be sent in future. 
INSULATORS : Ceramic Insulators and Bodies other than those 
cs will continue to be marketed by U.LC. 
ation should prove of considerable 


The advantages 10 be derived from this specials 

benefit to our customers, tO whom cordial thanks are extended for their past co-operation. 

The TELEGRAPH CONDENSER co., LTD. UNITED INSULATOR jco., LTD., 

North Acton, London, W.3- Oakcroft Rd., Tolworth, Surbiton, Surrey. 
Telephone : ACOrn 0061. Telephone : ELMbridge 5241- 

Telegrams : Telefarad: Phone, London Telegrams : Calanel, Surbiton 
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giving excellent service on electrically-operated or plant? 


discharging plant for coke ovens. 
This is but one of many instances 

















a RT a 


oe 





° 


Electronic Engineering 


EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 28, ESSEX STREET, STRAND, W.C.2. 


TELEPHONE: CENTRAL 6565 (10 LINES) 


Monthly (published last Friday of preceding month) 2/- net. 


EDITOR: H. G. FOSTER, M.Sc., M.1.E.E. 


TELEGRAMS: 
Subscription Rate: Post Paid 12 months 26/-. 


LECTRONING, ESTRAND, LONDON 





Vol. 21. No. 256 


Frontispiece : 
Alexandra Palace 


Television Time Base Linearisation 


By A. W. Keen, “MARE. 


Multiple ae Unit 


New Telecine mene at 


CONTENTS 


. A. Gough, B.Sc., A.M.ILE.E, F inst.P. 


Voltage Stabilisers—Part 2. 


By F. A. Benson, "M.Eng., “A.M.LELE. 


Video es 5 4 Testing 


T. B. Tomlinson, B. Se. (Hons. ), ” Assoc. Brit. I. R. E. 


Radio Telemetering. Factors ner Choice 
By G. 


of System 


Television as an Aid to best i sinbiauaae 


June, 1949 


194 Surgery 212 
195 The Harmonic Content of Multivibrators 214 
By W. C. Vaughan, M.B.E., Ph.D., A.M.I.E.E. 
Hermetically Sealed biganaec¥4 217 
199 _C. Jones, A.M.LE.E 
June Meetings ... 221 
200 Made in America “ee , 222 
Electronic Equipment at the B.I.F. 224 
- Book_ Reviews 228 
Notes from the hidinien 231 
|. Hinckley 209 Correspondence 232 





A New System for Component References in 


OST of our readers will be 
acquainted with the practice of 
attaching letters and numbers to 
components in electronic circuit 
diagrams, for the purpose of facili- 
tating reference in the descriptive 
text or in a list of values, ratings 
and ‘part’? numbers. Some 
readers may not realise that the 
telephone engineer who deals with 
automatic switching circuits makes 
use of such letters for a different 
purpose. In his diagrams, relays 
with various functions are the most 
important items: capacitors and 
resistors are comparatively rare. 
He uses letters primarily to indi- 
cate functions (e.g., “‘ A” for im- 
pulse accepting relay) selected from 
a standard list with about 120 
entries. Having used up most letters 
for reasonably self-evident func- 
tional codes for relays, he has few 
suitable letters for other compo- 
nents; capacitors and resistors are 
allotted Q and Y respectively. Fur- 
ther, he allots letters only to com- 
ponents (the “‘ first ’’ capacitor is 
QA) and reserves numbers to tags 
and terminals (QA1 is a terminal of 
QA), whereas the electronic engi- 
neer indicates the terminal of Cl by 
CIA. 
So long as the two groups, elec- 
tronic and telephone, kepi apart, 
such differences of usage did not 


¢ 


matter; now that each group is 
using the technique of the other to 
an increasing degree and (particu- 
larly in the fighting services) the 
same people have to understand the 
apparatus of both groups, these 
differences are fast becoming un- 
bearable. 

Attempts to produce a unified sys- 
tem failed, owing to the difficulty 
of making violent changes in the 
existing practice of either group. 
The British Standard Institution 
is preparing a supplement’ to 
B.S.530:1948 ‘‘ Graphical Symbols 
for Telecommunication ”’ which sets 
out a practical compromise, in- 
volving a minimum of change, based 
on the following argument :— 

The electronic engineer uses many 
capacitors, resistors and valves and 
comparatively few relays; the tele- 
phone engineer does the opposite. 
Changes in practice would be re- 
duced if relays, switches and similar 
components were treated on the 
** telephone ”’ basis, and other com- 
ponents on the “ electronic ’”’ basis. 

With this in mind, components 
have been divided into two classes, 
conveniently described as ‘‘ switch- 
like ’’ (in which a mechanical move- 
ment produces an electrical discon- 
tinuity) and ‘‘non-switch-like’’ (the 
rest). 

A switch-like component (e.g., a 


Circuit Diagrams 


jack JK) will be ‘‘numbered”’ JKA, 
JKB, etc., and the jack contacts 
JKAI, ete. 

A non-switch-like component 
(e.g., a resistor R) will be numbered 
R1, R2, ete., and .the resistor ter- 
minals R1A, etc. 

In devising the new system, some 
minor changes have been made by 
both groups in order to reduce con- 
flicting meanings among the more 
important components. For exam- 
ple, a Fuse F has been changed to 
FS to avoid confusion with “ F ”’ 
Ring Trip Relay; a rotary switch 
magnet R has been changed to RM 
to avoid confusion with a resistor 
R. There has been a considerable 
amount of give and take between 
the two groups. 

Changes of interest mainly to 
electronic engineers are :— 

Fuse F to FS. 

Battery B to BY. 

Metal Rectifier W to MR. 

Switch S$ to SW. 

Transformer T to TR. 

and a new reference 

Test Jack TJ. 

The new system—produced in a 
typically British spirit of compro- 
mise—reflects credit on the consent- 
ing parties. The B.S. Supplement 
is commended to the attention of 
intending authors. L.B.B 
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Two sets of telecine equipment, one made by ing 
Cinema-Television, Ltd., and the other by Electric 4 is be 
and Musical Industries, Ltd., have just been installed of 1 
at Alexandra Palace, where they are now being if ; sca the 
used for televising film programmes, such as the 1 ; : frot 
Television Newsreel. These sets each have a single . : Re Soe ' : t to | 
projector, and they will eventually be replaced by ie 4 cr #S i 0 
two twin-projector sets which are on order from the | 3 J tion 
same manufacturers. These equipments are illustrated 7 
as follows :— 











(Photographs supplied by courtesy of the B.B.C.) 





1. The projector manufactured by Cinema-Television, Ltd. 


The “* Cintel”’ projector is on the right and the ancillary 
equipment on the left. 


To the right of the projector (manufactured by Electric and 
Musical Industries, Ltd.) is the control panel and monitoring 
cathode ray tube, and to the left the projection-type cathode ray 
tube for scanning the film. 


. On the right is the equipment manufactured by Cinema-Television 
Ltd., and on the left part of the\ equipment manufactured by 
Electric and Musical Industries, Ltd. 




















June, 1949 


Flectronic Engineering 


195 


Television Time Base Linearisation 


T seems likely that television 

receiver design will, for some con- 
siderable time, be bound by the 
severely restrictive economic limita- 
tions at present in force, so that cir- 
cuits will remain devoid of the 
refinements required for perfectly 
satisfactory performance. New cir- 
cuit developments must, therefore, 
be of a relatively simple character 
to be immediately useful and it is 
the purpose of the present article 
to discuss a method of this kind 
which is effective in facilitating the 
achievement of satisfactorily linear 


scanning. The circuit technique will, 


be discussed with television’ type 
time bases in view, but it is equally 
applicable to all cases in which the 
need to linearise an exponential 
voltage or current change arises. 


The majority of commercial 
receivers employ time bases consist- 
ing of a sawtooth voltage wave 
generator feeding a power tetrode 
having the deflexion windings in its 
output circuit. While care is taken 
to produce a fairly linear drive for 
the output valve, and the latter is 
operated as a high impedance source 
of current in order to swamp the 
reactance of the deflector coil, 
reasonably good linearity can only 
be achieved by carefully matching 
the sawtooth voltage curvature 
against that of the grid voltage / 
anode current characteristic of the 
output valve, the two curves happen- 
ing to be in opposite directions.’ It 
is better to minimise the dependence 
of linearity upon the curvature of 
the characteristic since this varies 
from valve to valve and is subject 
to long period change. Any reduc- 
tion in the non-linearity of the valve 
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Fig. | (a). Simple ‘‘ sawtooth ” wave 
generator 


By A. W. KEEN, M.I.R.E.* 
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Fig. |. (b) Output voltage characteristics 
of (a):— 


= actual output voltage 
= continuation of initial slope of A 
= difference B—A 
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must, of course, be accompanied by 
a comparable improvement in the 
linearity of the sawtooth driving 
voltage. In the following sections 
a class of suitable correcting net- 
works will be described; the basic 
principle is not new, one method of 
its application having been des- 
cribed briefly in the literature,*** 
but several of the circuit adapta- 
tions to be discussed are believed to 
be original. 


The Principle of the Integration 
Method of Linearity Correction 


The principle of the method will 
be described with reference to Fig. 
1 which shows at (a) a simple form 
of exponential (‘‘ sawtooth ’’?) wave 
generator consisting of a series C,R 
circuit connected across a constant 
source of direct voltage and having 
some form of discharge device, such 
as a thyratron (gas triode), con- 
nected across the capacitor. While 
the discharger remains inoperative, 
the voltage across the capacitor 
rises in the manner :— 

Va ={ 1 — exp( — t/CR)}E 
where E is the E.M.F. in the circuit, 
exp denotes the exponential constant 
2.7183... t is time in seconds after 
the circuit is completed, and C,R 
are the circuit component values. 


A in Fig. 1(b); it will be noted that 
the slope of this curve falls as the 
capacitor charge accumulates, so 
that the output voltage is non-linear. 
The extent of this non-linearity may 
be assessed by comparing curve A 
with the straight line B whose slope 
is the same as the initial slope of 
A; the difference (B—A) is plotted 
as curve C. It is, however, known 
from experiment that a simple CR 
network of the kind shown in Fig. 
1(a) will provide a voltage output 
similar in form to C for an applied 
voltage of the shape A.  Accord- 
ingly, it would appear feasible to 
associate an additional CR with the 
simple sawtooth generator of Fig. 
1(a) in such a manner that its out- 
put is added, in correct proportion, 
to the exponential output of the 
basic network, so that the total out- 
put is made practically linear. 
Before dealing with suitable cir- 
cuits for combining the exponential 
change (A) with the oppositely 
curved correction (C), it should be 
mentioned that a practical but less 
satisfactory intermediate method of 
linearity improvement involves 
direct shaping of A into something 
approaching the ideal B by the use 
of a circuit of the type capable of 
generating C. If R, in the network 
of Fig. 2(a) is increased from zero 
to a very high value, the output 
wave will change _ continuously 
through the shapes sketched in Fig. 
2(b). It will be observed that the 
initial downward curvature of the 
wave varies through a practically 
linear condition to upward curva- 
ture; beyond this stage, the wave 
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This expression 1S plotted as curve Fig. 2 (a). Addition of variable time-constant 





*Sobell Industries Ltd. 


(i.e., C x R) — section to wave generator 
of Fig. | (a) - 
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Output voltage wave of (a) for 


Fig. 2 (b). 
different values of R, 


its rapid flyback 
feature and eventually becomes 
parabolic. The third waveform 
shown is very similar to C of Fig. 1 
and, when added to A, provides a 
slightly better approximation to 
linearity than the second waveform 
of Fig. 2(b). 


Basic Network 


The first successful attempt to 
improve the linearity of the simple 
sawtooth generator along the lines 
suggested appears to have been 
made by G. F. Hawkins’ whose 
basic circuits are given in Fig. 3(a), 
(b). In the first, the capacitor (C:) 
of the basic CR network is split into 
two series sections (C:’,C:”) and the 
additional CR (C€:R:) connected 
across the upper portion (C1). The 
total output of the network is, there- 
fore, the sum of the correcting 
voltage developed by the extra CR 


quickly loses 
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and the fraction of the normal 
exponential output appearing across 
the lower section (C:") of the split 


capacitor. Ignoring the loading 
effect of C:R: on C:R: and assuming 
that the current in R: is indepen- 
dent of the value of C, (i.e., that 
the product C:R: is large), the ratio 
C’/C.” must be made equal to 
CiR:/ C:R2. 

This restriction does not prevent 
C:R: from being made sufficiently 
large to minimise loading on (CR: 
and to ensure a close approximation 
to-the required correction waveshape. 
The resultant improvement’ in 
linearity is appreciable and _ of 
definite practical value. 


In the alternative circuit, Fig. 
3(b), the correcting CR (C:R:) is 
directly in parallel with the entire 
capacitance of the basic network 
and, since the exponential output of 
the latter appears with negligible 
change of shape across R: of the 
corrector, provided C:R: is large (c.f. 
an inverted CR coupling), the com- 
bined output (exponential plus cor- 
rection) can be obtained, and in the 
optimum proportions, by tapping into 
into R:at the correct point. R:should, 
for convenience of adjustment, be a 
continuously variable potentiometer. 
Making similar assumptions to those 
in the previous case, R: must be 
divided to make R:” / R:=(:R:/C:R>2. 

The circuits just described are but 
two examples of a whole class of 
networks capable of responding in a 
similar manner to a constant direct 
applied voltage.° For example, the 
Y (T, or star) arrangement of the 
three capacitors of Fig. 3(a) sug- 
gests an alternative circuit (see Fig. 
3(c) in which they form a closed ring 
(7, or delta) connexion; their values 
must, of course, be changed in 
accordance with the well-known star- 
delta (or T-—7) transformation. 
Again, the response of the correct- 
ing section of the network of Fig. 
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Fig. 4. Response of correcting section of 
Fig. 3 (b) to step voltage 


3(b) to a ‘‘step’”’ type applied 
voltage, as shown in Fig. 4, suggests 
the insertion of such a section be- 
tween the applied voltage and the 
CR network of the basic arrange- 
ment shown in Fig. 1(a). Ignoring 
mutual loading, the latter network 
would then operate on a rising volt- 
age input with consequent improve- 
ment in overall linearity provided 
the rate of rise were chosen to com- 
pensate the normal tendency of the 
output voltage to fall. The net- 
work so derived is similar to that 
shown in Fig. 3(b); except that the 
two constituent networks are re- 
versed in sequence. This last deri- 
vation applies equally to the net- 
work of Fig. 3(c). 

An interesting point is that in all 
the networks so far discussed, the 
R’s may be replaced by L’s of high 
Q and the C's by R’s to obtain 
additional equivalents.’ For exact 
equivalence in any particular case 
the component values must, of 
course, be correctly chosen. 


Practical Circuits 


In considering the problem of 
linearising the output of a time base 
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Basic linearity corrected CR networks. 


(Note : With constant direct input voltage a triggered discharger is connected across C,) 
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Fig. 5 (c) 

Blocking _ oscillator 

for producing a saw- 
tooth waveform 


(Right). 














Fig. 5 (a). 


it should be remembered that per- 
fect linearity in the earlier stages is 
rendered futile by subsequent dis- 
tortion; in fact, the only practical 
method of achieving linearity of the 
final output of a multi-stage circuit 
is ‘to arrange cancellation of the 
unavoidable causes of distortion. 
This involves making such factors 
comparable in magnitude and 
readily controllable over an appre- 
ciable range. Thus, if it is desired 
to reduce the dependence of 
linearity upon the curvature of a 
valve anode current/grid voltage 
characteristic, e.g., by applying 
negative feedback, the linearity of 
the applied sawtooth voltage must 
be improved correspondingly by a 
method such as the one under dis- 
cussion. 

An important point in regard to 
the integration method of correc- 
tion is that it follows from a con- 
sideration of the response of the 
simple CR network to a_ single 


Thyratron scanning oscillator adaptation to Fig. 3 (a) 


impulse which is maintained for an 
indefinite period. In practice, of 
course, the discharge device is regu- 
larly triggered so as to produce a 
recurrent sawtooth output voltage 
and the circuit conditions are there- 
by made more complex; this fact 
raises difficulties only when the 
flyback time is extremely short 
compared with the sweep time. 
Deterioration of the method is 
bound to occur, also, at very high 
recurrent frequencies when the 
effect of stray capacitances begins 
to become appreciable. 


Application to Sawtooth Generators 


Three practical sawtooth genera- 
tors incorporating integrator cor- 
recting circuits are shown in Fig, 5; 
all of which are suitable for televi- 
sion reception. Fig. 5(a) shows a 
straightforward adaptation of the 
network of Fig. 3(a) to the thyra- 
tron type of scanning oscillator. 




















197 
+HT. 

LINEARIZED 
SAWTOOTH 
OUTPUT 
SYNC. RI: VOLTAGE 
> > \ 
a \ 
f a. | 
' > > C1 '’ | 

me ne 

“HBS | 

Lcy 
86 j 
= 4 4 











The alternative network, Fig. 3(b) 
can be incorporated in the same 
type of oscillator, as shown in Fig. 
5(b); in this case it will be noted 
that the correcting circuit is 
separated from the charging CR by 
the coupling capacitor C-, and the 
grid-cathode leak R- of the output 
valve connected to the input of the 
correcting circuit, rather than across 
the output, in order to minimise 
loading of the latter circuit. The 
third application (Fig. 5(c)) repre- 
sents an original development con- 
sisting of a blocking oscillator 
arranged to produce a_ sawtooth 
waveform. 

The fourth example (Fig. 5(d)) 
shows how an additional large CR 
may be used to augment and con- 
trol the linearising influence of the 
‘bootstrap ”’ circuit’ on an ex- 
ponential wave generator. Ignor- 
ing C:,R: the circuit components 
will be identified readily since the 
left-hand triode is a conventional 
blocking oscillator sawtooth genera- 
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Application of integrator correcting circuits to saw-tooth generators 
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Use of voltage-operated CR inte- 
grator correcting circuit 


Fig. 6 (a). 
tor and the right-hand portion of 
the double triode (e.g., 6 SN7GT) 
is connected as a normal bootstrap. 
The slightly exponential output at 
the bootstrap cathode is used to 
feed the integrator corrector and 
the correcting wave developed 
across C: is inserted under C:, whose 
lower plate is normally grounded. 
R. may alternatively be fed from 
the junction of the split anode load 
resistor (R:) of the oscillator triode. 
The bootstrap valve may _ be 
anode loaded to obtain the push- 
pull output. The entire circuit 
is very suitable for driving the 
X plates of a small electrostatic 
C.R.T.; the additional triode is, how- 
ever, hardly justified in an electro- 
magnetic time base. 


ae to Time Base Voltage 
mplifiers 

So far the correcting circuit has 
been directly associated with the 
wave generator; where voltage or 
current amplifiers follow the latter, 
the corrector may be introduced at 
a later stage. Two methods of in- 
corporating a CR integrator in the 
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1 type of voltage amplifier employed 


in time bases designed for electro- 
static deflexion are shown in 
Fig. 6. At Fig. 6(a) a pentode 
having cathode current feedback is 
driven by an exponential voltage 
wave so that it delivers an exponen- 
tial current into its output circuit. 
When the anode load is a resistor 
the output voltage will be similar to 
the input. If the load resistor is 
split and a CR integrator is con- 
nected across the lower part and 
the output point shifted as shown, 
a correction wave will be added to 
the normal exponential output 
developed across the upper portion. 
Ignoring valve distortion and 
mutual loading effects, the ratio 
R:/R: should be made equal to 
C:R:/7t where 7 is the equivalent 
time constant of the input wave 
source. 

Where an exponential current 
wave is available, as in the case 
just considered, the desired correc- 
tion wave may be obtained by pass- 
ing the current through a parallel 
CR (current operated integrator) in 
addition to the normal load R, as 
shown in Fig. 6(b). To a first 
approximation this CR should have 
the same time constant as the cur- 
rent source. : 

In Figs. 6(a), (b) the anode load 
resistor is divided; it is equally pos- 
sible, of course, to divide the 
following grid resistor when a CR 
coupled stage follows the amplifier, 
e.g., in a two valve _ paraphase 
amplifier circuit. 


Application to Current-Output Stages 


Electromagnetic deflexion is now 
universally employed in television 
receivers so that the time base cir- 
cuits must provide currents of saw- 
tooth shape to the deflector coils. 
For frame defiexion a CR coupling 
to the coil is usually employed, but 
the line coils are _ transformer 
coupled. In both cases the resistive 
component of the deflector coil 
impedance requires a linear rise in 
the voltage applied to, or developed 
across, the coil. The output valve 
may be arranged either as a high 
impedance source of current having 
the desired waveform (Fig. 7(a)) or 
as a low-impedance supply of the 
corresponding voltage waveshape 
(Fig. 7(b)). The former arrange- 
ment is usually preferred; both 
methods permit application of\ an 
integrator correcting circuit. 

A typical example is shown in 
Fig. 8. The beam tetrode output 
valve is driven by an exponential 
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RESISTANCELESS 
COIL 
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Fig. 7. Ideal waveforms for current output 


stages 
(a) Current output of high impedance source 
(b) Voltage output of low impedance source 


sawtooth wave and is operated as 
a high impedance source, so that it 
feeds a current wave of similar 
shape, via the transformer coupling, 
to the deflexion winding In, and its 
series resistor Ri. The voltage de- 
veloped across R: is used to drive 
current through an auxiliary wind- 
ing L: of series resistance R,.  Pro- 
vided ¢L:/R: of this auxiliary wind- 
ing is large, which is_ readily 
achieved at line frequency although 
not at frame frequency, the current 
in L: will approximate the required 
correction waveshape. Calculation 
of circuit values for this circuit is 
more difficult than for the preced- 
ing circuits, since the mutual coup- 
ling between the two windings will 
be appreciable and the winding 
resistances must be taken into 
account, but the circuit may be set 
up quite quickly by systematic 
experiment using tapped windings 
and a variable resistor R2 across the 
compensating section (L2). 

It is simpler, in that the com- 
plication of the coil is avoided, to 

(Continued on p. 228) 




















Fig. 8. Application of integrator correcting 
circuit (current fed parallel LR) to current 
output stage of T.B. for E.M. deflexion 
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Multiple Component 
Units 


Simplification of Electronic 
Apparatus Assembly 


By KATHLEEN F. GOUGH, B.Sc., 
A.M.1.E.E., A.Inst.P.* 


N the preparation of electronic 

apparatus utilising the technique 
usually referred to as “‘ printed cir- 
cuits ’’ it was originally the practice 
to construct the resistors as parts of 
the circuit by a painting or printing 
operation and to construct the capa- 
citors by electrodes applied directly 
to the base on to which the main 
‘* printed circuit ’’ was assembled. In 
a recent article in this Journal (7) it 
was pointed out that in many cases 
it is much more practical to assemble 
separate capacitor and resistor units 
on to the main printed circuit base. 
Such separate elements can be free 
of the disadvantages associated with 
their formation directly on the base 
plate as part of the printed-circuit 
and retain their electrical charac- 
teristics and stability. 

Development work during the 
past 18 months has brought into 
being another form of network unit 
that has similar advantages to those 
last mentioned above, and more- 
over it is one which can be applied 
equally to “‘ printed circuits ’’ and 
to the more conventional forms of 
electronic apparatus manufacture. 
These units incorporate elements of 
well-known forms of resistors and 
capacitors and therefore retain the 
high qualities of the separate com- 
ponents with the added advantages 
in the number of external con- 
nexions that need to be made. 
These new units take various forms, 
such as for diode-filters, inter-valve 
coupling and combinations of coup- 
ling and filter networks. The units 
described in detail in the following 
paragraphs may be taken as typi- 
cally representative of the many 
combinations that can be produced. 

Filter and network units of 
various forms have been used 
recently in the United States, but 


* Dubilier Condenser Co., (1925) Ltd. 
TELECTRONIC ENGINEERING, April 1949, pp. 125-128 . 
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Assembled forms of multiple components (both approx. full sized) 
Diode filter of Figs. | and 2 network of Figs. 3 and 4 


all of them are of the “ printed ”’ 
variety with the resistor and capa- 
citor elements formed directly on 
the base material, which is generally 
of a high-permittivity ceramic type. 
The sole exception has been the 
attachment of small disks of ceramic 
capacitors to certain forms of ampli- 
fier and similar bases. 

The original designs of the mul- 
tiple component units by Dubilier 
Condenser Co. date back to 1947, 
when cylindrical forms of construc- 
tion were devised to make use of 
existing forms of tubular ceramic 
and resistor components. One form 
of this unit, sketched in section in 
Fig. 1, provides the diode-filter net- 
work of Fig. 2. In these diagrams 
the resistor R constituted by the 
cylindrical resistor element in the 
centre of the ceramic tube C is con- 
nected across the two free terminals 
W: W: of the capacitors C, and (:. 
The electrodes E: and E: on the in- 
side of the ceramic tube provide this 
dual capacitance in conjunction 
with the outer electrode Eo to which 
is attached the terminal wire Wo. 
Metal caps P: and P: soldered on the 
ends of the ceramic tube enclose 
the resistor element in its interior 
and enable the wires W: W: from the 
ends of the resistor to pick up the 





t BritishYPatent Application No. 31917/47. 


connexion to the electrodes E: and 
Al 


Another pattern is shown in Fig. 3 
with the tubular capacitor replaced 
by a flat mica dielectric element M 
providing two capacitances between 
the two end clips S: S: and the cen- 
tral connexion tab F, which leads 
to the common earth potential 
terminal wire Wo. The resistance 
element R is joined across the two 
clips S: S: and the whole is enclosed 
in a moulding as indicated by the 
dotted lines. 

Attention has been paid to the 
layout and relative position of the 
parts and tests made on these units 
show that they offer the same 
attenuation to radio frequencies as 
do the separate and well spaced out 
components of similar electrical 
values. Typical values for this net- 
work in either cylindrical or flat 
form are: 

C: = C: = 100 ##F and R = 47,000. 
Other values can readily be sub- 
stituted up to: 

Ci = C: = 250 #4#F and R up to 1 M2 
except in the cylindrical form of 
Fig. 1 where the capacitance is 
limited to 100 4#F for each element, 
while the same physical size is 
retained. 

The cylindrical unit is shown with 
a protective wax coating to provide 
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Fig. |. Sectional form of network of Fig. 2 


Fig. 2. Diode filter network 
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VOLTAGE STABILISERS 


—Part Il 


Stabilisers Employing Gaseous Dis- 
charge Tubes 


HE tubes available operate at 

voltages from about 70 to 160 
volts. For higher voltages tubes may 
be used in series as shown in Fig. 11. 
In this case a-number of different 
stabilised voltages may be obtained 
for supplying several loads. 

Thus tke method is extremely 
useful for stabilising low voltages, 
of the order of a few hundred volts, 
but is not suitable for high voltages 
due to the necessity for employing 
a large number of tubes in series 
each carrying a current of the same 
order of magnitude as the load cur- 
rents making the efficiency of the 
system rather low. Even if the 
voltage supply is low, the method 
is only useful for small currents 
(see table below which gives maxi- 
mum values of tube currents). 

In some cases where a heavy load 
is permanently connected in parallel 
with the tube, it may be found 
difficult to strike the tube. In view 
of this the tube is sometimes fitted 
with a further electrode, known as 
an ignition electrode to ensure satis- 
factory operation. The voltage for 
this electrode may be obtained from 
a separate supply, but is usually 
obtained from the tube _ supply 
through an auxiliary resistance 
(R’), as shown in Fig, 12. In cases 
where several tubes are connected 
in series, as in Fig. 11, resistances 
should be fitted as shown, to facili- 
tate starting. The stabilising action 
of a tube may be appreciated by 
referring again to Fig. 10. If the 
voltage V: is increased slowly from 
zero, no appreciable current passes 
through the tube until the voltage 
across it is equal to the striking 
potential, the latter depending on 
the design of the tube. Here the 
gas in the tube ionises,_ the 
“* differential ’’ or ‘‘ dynamic ’”’ re- 
sistance of the tube decreases 
rapidly and it runs at a voltage 
lower than the striking voltage. 
The differential resistance of the 
tube varies with the voltage across 
it (V) and can be found for any 
such voltage from its  current- 
voltage curve. Over the ‘‘straight’’ 
~* Electrical Engineering Dept., University of 
Liverpool. 


By F. A. BENSON, M.Eng., A.M_1.E.E.* 
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Fig. 11. Series arrangement 
of stabilisers to obtain ~ id 
stabilised voltages for several INPUT a 
loads. Resistances are con- VOLTAGE S 
nected to facilitate ignition / nN = 
a 
< 
° 
Resistances a 7 
fitted to facili- “ fa) 
tote starting $ 
es 3 
portion of the curve, where the 
voltage V increases slightly as the R + 
current I through the tube increases, ne ? 
the relation between V and I may 


be written 
V=ali+v 

where x is the slope of the curve 
and is therefore small and v is a 
constant which has a value deter- 
mined by the design and material 
of the electrodes, the gas pressure, 
etc. Therefore, the output voltage 
across the tube is the sum of a large 
constant term v and a small vari- 
able term aI. It thus remains 
approximately constant and is more 
nearly so the smaller the value of I. 
I is kept small by employing a 
series resistance R with a_ high 
value. Therefore, a large value of 
R is essential for good stabilisation 
apart from the fact that it must 
also limit the current through the 
tube. 


The regulation of a tube is defined 
as the change in tube voltage over 
the tube-current range and may be 
readily obtained from the charac- 
teristic curve of the tube. For, if 
at maximum tube current Imax the 
corresponding value of tube voltage 
is Vmax, and at minimum tube cur- 
rent Imin, the corresponding value 
of tube voltage is Vmin, then the 
regulation is (Vmax-Vmin), 

So far, mention has only been 
made of the stabilisation of p.c. 
by gaseous discharge tube. It 


has been suggested, however, 
that since the method has been 
used successfully for p.c.  volt- 
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Fig. 12. Stabiliser tube with additional 
electrode to improve ignition when a heavy 
load is permanently connected 
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Fig. 13. Back-to-back arrangement of neon 
tubes for operation on A.C. supplies 


ages it might also be utilised for 
A.c. ones. The first proposals” 
were to place two neon tubes back 
to back across the primary of a 
transformer with a resistance R 
placed in series (Fig. 18). 
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Regula- 
Normai Max. Quies- Min. tion 
Type Striking Running Current cent Current over Remarks 
Voltage Voltage (mA) | Current] (mA) | Current 
(mA) range 
_ Striking Voltage | Voltage on (volts) =a 
7 Running Voltage | Transformer} $130 160 (average) | 115-120 75 10 6 5 ~ 
ons 7 Primory VR75}7 100 | oo ' 75 (approx.) 40 — 5 5 _ 
Ta VRIOS!? 115 105 : 40 — 5 2 = 

w VRI50! 160 ye 150 40 _ 5 4 -. 

g CVv45 135 (max.) 120 75 _ od _ Fitted with 

ir ignition 

re) TE electrode 

> ) Ccv7!i 230 A 160 6 — _ — Small 

‘. a ‘** Osglim 
er indicator 
lamp 
cviss 140 ~ 100 10 4 | ad ee 
CV286 eas 95 10 5 - Fitted with 
ignition 
electrode 
CV287 170 ee 150 10 5 2 — Fitted with 
ignition 
electrode 
Fig. 14. Voltage wavcforms for Fig. 13 13201A 135 7 90-110 200 100 15 5 - 
7475 140 : 90-110 4 l 1 _ 
4687 130 90-110 40 20 10 6 o 
85Al fi 83-87 8 4.5 1 _ — 
QS70/20 95 (average) 70 (approx.) 20 — 6 Miniature 
QS96/10 10 95 ‘i 10 _ 2 5 Miniature 
fitted with 
Pr. ignition 
t | electrode 
| QSi50/15 | 177 é 150 15 -_ | 2 5 Miniature 
Ri R2 fitted with 
\ ignition 
| electrode 
LOAD QS150/30 | 160 . 480)" <, 40 aa 5 4 _ 

AC. QS75/60 105 pa 75 ‘ 60 — 5 5 —_. 
INPUT QS105/45 150 es +105 j § 45 — 5 5 Fitted with 
VOLTAGE 130 2 $ ignition 

electrode 
QS150/45 180 vs {| 150 45 _ 5 5 Fitted with 
| R3 170 ee q ignition 
} ‘ electrode 
STV70/60 | 160, 70 60 een 6 = 
= ! CVII99 140 (max.) 97.5 180 50 — _ 
(NS2) | 











Fig. 1S. Cherry and Wild bridge circuit of 
improved stability for operation on A.C. 
supplies 





























Ignition electrode connected to I50V positive through 0.25M resistor. 
Ignition electrode connected to 240V positive through 0.25M resistor. 
Anode and ignition electrode strapped. 


Ignition electrode connected to 200V through 80K resistor. 


. 
+ 
t 
§ Ignition electrode connected to 150V through 40K resistor. 
Il 
4q 


At 25,mA. 





On the positive half-cycle tube 
Vi “ strikes’? when the voltage 
exceeds the striking voltage and 
then remains reasonably constant 
for the remainder of the half-cycle, 
as shown in Fig, 14. On _ the 
negative half-cycle tube V2 operates 
and a similar waveform to that 
obtained during the positive half- 
cycle results. Thus, the value of the 
voltage applied to the transformer 
primary remains practically con- 
stant irrespective of input voltage 
variations. A higher degree of 
stability is obtained, however, by 
employing a bridge circuit similar 
to the one described by Cherry and 
Wild.” Three arms of the bridge 
consist of resistances while the 
fourth arm contains two neon tubes 
connected back to back (Fig. 15). 
The load is connected across one 
diagonal and the supply across the 
other. In some cases a balanced 
bridge circuit has been employed” 
but, as Cherry and Wild point out, 
much better stabilisation is obtained 


D 


with an unbalanced bridge. They 


have also suggested a circuit to 


improve the efficiency of the stabi- 
liser, in which resistances R: and R: 
(Fig. 15) are replaced by capacitors 
C: and C:. In this latter case the 
efficiency varies from 380 to 50 per 
cent, depending on the value of the 
input voltage. 


Typical Characteristics 


The typical characteristics of 
some available neon tubes are shown 
in the table above. 
Limitations of Circuits 

Gaseous Discharge Tubes 

It has already been stated that 
the voltage across a neon tube may 
be written V = aI + v, where v is a 
constant and zx is the differential 
resistance of the tube. The value 
of x varies considerably for any par- 
ticular type of tube (in fact, over 
a range 3 to 1 for the CV188 tubes 
and probably of the same order for 
the other types). 

Also the voltage across a neon 


Employing 


tube varies with the ambient tem- 
perature, e.g., in the case of the 
CV188 tube, if the ambient tempera- 
ture increases by 1° C. the voltage 
across the tube decreases by about 
0.01 per cent. 

Other variations of tube voltage 
occur due to unknown causes and 
may in some cases be rather serious. 
Kirkpatrick” has given the results 
of a large number of tests on the 
tubes VR75, VR105 and VR150 
which were obtained from several 
manufacturers. He has investigated 
the effect of factors such as time and 
temperature on voltage stability 
and he finds that even for tubes of 
the same type a wide range of 
operating characteristics exists. 

After a neon tube has passed a 
certain useful life it continues to 
operate and the voltage across it 
moves rapidly out of the specified 
range. There is no obvious sign, 
during this period, that the tube is 
running abnormally. 

Another disadvantage of this type 
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of stabiliser is that adjustment of 
voltage is only possible by changing 
the tube. The resulting stabilisa- 
tion is, however, independent of the 
frequency of the input voltage. 


The noise generated by a _ tube 
should also be small. 


A few special high-stability neon 
tubes have been developed in which 
there is less tendency for the tube 
voltage to vary with time and tem- 
perature and there are only small 
variations from tube to tube. The 
table below gives the characteristics 
of one such tube (the 85A1). 


Neon Tube Type 85Al 


Preferred Operating Condition :— 

Quiescent current, 4.5 0.2 mA. 

Characteristics at above operating 
condition :— 


Running voltage, 83 to 86 volts. 


Temperature coefficient of running 
voltage, —1.8 mV per °F. 


Maximum per cent variation of 
running voltage for current change 
of 4.3-4.7 mA, 0.17 per cent; during 
life, 0.5 per cent; after first 300 
hours of life, 0.2 per cent. 

The noise generated by the valve 
over a frequency range of 30 c/s. 
to 10,000 c/s. is of the order of 70 
microvolts. 


The Stabilovolt!® 2° 21 22 
The Stabilovolt consists essentially 


of a simple neon tube in which there 
are a number of additional elec- 


trodes (usually three) between the 
anode and cathode. Simultaneous 
stabilisation of a number of D.c. 
voltages may be obtained by its use. 
The tube and a series resistance R 
are connected across the input volt- 
age (Fig. 16) and the load, or loads, 
connected across any number of 
gaps. The voltages across the 
various gaps are equal and are sub- 
stantially independent of the cur- 
rent passing. Hence, the voltages 
across the loads remain practically 
constant. As in the case of the 
simple discharge tubes, the Stabilo- 
volt requires a higher starting volt- 
age than the running voltage, and 
it is recommended that the input 
voltage should not be less than one- 
and-a-half times the voltage de- 
veloped across the tube. The 
resistance R is again used to obtain 
satisfactory stability and to limit 
the current through the _ tube. 
Resistances of the order of 250,000 
ohms are connected from one end 
of the tube (either will do) to each 
electrode, as shown in Fig. 16, to 
facilitate striking. In this way a 
large voltage is applied to each gap 
in turn and the striking voltage is 
less than would be required if all 
the gaps had to be struck simul- 
taneously. A Stabilovolt can be run 
so that both a positive and a nega- 
tive voltage can be stabilised at the 
same time as shown in Fig. 17. 
The typical characteristics of 


some available tubes are given in 
the table below :— 
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The following example illustrates 
the method of calculating the per- 
formance of a tube. Suppose it is 
required to obtain a stabilised power 
supply of 280 V at 40 mA where the 
input voltage varies by +5 per cent. 

It is first necessary to choose a 
tube (or tubes) by referring to the 
given tables of characteristics. A 
tube type STV 280/80 is suitable. 

Assume that at full load the tube 
current = 20 mA: supply current = 
20 + 40 = 60 mA: supply voltage 
required = 14 x 280 = 420 volts: 
voltage drop across series resistance 
(R) = 420-280 = 140 volts 


140 
ois l - ——S = 
value of R = 0.06 


2,350 ohms 
approximately. 

Now the variation of output volt- 
age is approximately equal to the 
variation of input voltage multiplied 
by the tube differential impedance 
and divided by R. 

i.e. Variation of tube voltage for 
+5 per cent variation in input volt- 
age (i.e., 21 volts) is 

21 x n x gap impedance 
2,350 

Here, n, the number of gaps, is 
4 and the gap impedance is about 
40 ohms, therefore the tube voltage 
variation is +1.48 volts or +0.51 
per cent, 

Assume now that the load current 
varies by +10 mA. In addition to 
the tube voltage variation caused 
by the change in input voltage there 
is also a change in it due to this 
variation of load current. 


The variation in tube voltage due 

















Minimum Applied Voltage to Operating Permissible Tube | Minm Differential 
Type No. of Tube and Series Resistances Voltage Currents at Various Tube Impedance 
Gaps Ay— A;—C A.— A,—C A;—C Electrodes (mA) Current per Gap 
A,—C A,—C A,—C Ag A; A, A, mA (ohms) 
STV280/40 ... ... 4 420 320 210 280 210 35 40 «2«60~—(C«6O | 5 A ae 
110 140 70 
STV280/80 ... vie a 420 320 210 280 210 70 70 90 100 | 10 40 
110 140 70 
CV1068 (VS68) ... 4 420 320 210 280 210 Maximum 60 = = 
110 140 70 
CV1069 (VS69, NS!) 4 420 320 210 280 210 Maximum 80 —_ _ 
110 140 70 | 
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to the load current variation is equal 
to the product of the tube impedance 
and the change in current through 
the tube. The latter may be taken 
as the change in load current. 

Therefore, the tube _ voltage 
change due to the variation in load 
current 


10 ‘ 

= + ab ™ tube impedance 
10 

= +— x 4x 40 = +1.6 volts 
1000 


= £0.57 per cent 


since there are four gaps and the 
impedance per gap is about 40 ohms. 

Hence, the total tube voltage 
variation is +0.57 per cent +0.51 
per cent which has a maximum 
value of £1.08 per cent. Greater 
stability may be obtained if re- 
quired by increasing the value of R 
and using tubes with lower impe- 


dance or alternatively two tubes: 


can be used in cascade, the output 
of the first tube being stabilised 
again by the second tube and its 
associated series resistor. 

For higher voltages than those for 
which the tubes are designed, series 
operation of the tubes may be 
employed. Here, the tubes may be 
considered as one tube with an in- 
creased number of gaps. For 
example, if two tubes type STV280/ 
80 are connected in series they will 
provide a stabilised voltage of 560 
(together with stabilised voltages of 
420, 280, etc.). 


Stabilisers Employing Thermionic 
Valves 


Stabilising circuits employing 
thermionic valves can be arranged 
in’ many ways. The valves 
can be used in parallel with the in- 
put voltage, they can be placed in 
series with the load, so that the load 
current flows through them, or 
series-parallel valve combinations 
may be employed. Brief descrip- 
tions of simple circuits are given to 
illustrate the principles of operation. 
of each of these types. These are 
followed by detailed accounts of 
several practical circuits which are 
modifications or improvements of 
the simple arrangements and have 
been found extremely useful. All 
the circuits employ a device for pro- 
viding a constant reference voltage 
which is necessary for stabilisation, 
as shown in the Appendix. Batteries, 
or gaseous discharge tubes, are used 
for this purpose. In cases where a 
very high degree of stability is re- 
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Fig. 18. (a) Stabiliser valve in parallel with 


supply voltage 
(b) Stabiliser circuit with neon tube in cathode 
circuit 
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Fig. 19. (a) Simple series-valve stabiliser 
(b) Modification of 19 (a) 























Fig. 20. Series - parallel circuit employing 


stage of amplification 
quired a battery must always be 
used to give the reference voltage. 
Fig. 18(a) shows the circuit 
arrangement of a stabiliser where 









the valve is placed in parallel with 
the supply voltage*™. The grid 
voltage is controlled by the potentio- 
meter R:R; and the battery. An in- 
crease of input voltage, Vi, makes 
the grid voltage of the valve more 
positive so that its anode current 
increases and the voltage drop 
across R: increases. Hence, the out- 
put voltage Vo remains substantially 
constant since the increase in Vi is 
counteracted by the increased volt- 
age drop in Ri. The battery can be 
eliminated by employing a neon tube 
in the cathode lead, as shown in 
Fig. 18(b)”. 

The series-valve stabiliser in its 
simplest form is illustrated in Fig. 
19(a)”. The valve may be regarded 
as a series resistance which is con- 
trolled by the output voltage Vo; for 
any change in Vo varies the grid 
voltage on the valve and hence the 
voltage drop across it in such 
a direction as to oppose the 
change in Vo. The ° disadvan- 
tage of this simple circuit is 
that the battery voltage must be of 
the same order of magnitude as the 
output voltage. To reduce the 
battery voltage the circuit of Fig. 
19(b) has been suggested.” The 
effectiveness of these simple circuits 
may be improved by adding a direct- 
current amplifier in the grid circuit 
of the valve. 

Fig. 20 shows one form of series- 
parallel valve circuit which is essen- 
tially similar to the arrangement of 
Fig. 19(b) but incorporates a stage 
of amplification. V: is the ampli- 
fier valve which has its anode con- 
nected through a suitable resistor 
R: to the positive side of the output 
voltage V. and its cathode connected 
through a neon tube Vs to the nega- 
tive side of Vo. Vi is the series 


valve. 
(To be continued) 
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Video Amplifier Testing— 


Using a Square Wave Generator | 
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By T. B. TOMLINSON, B.Sc.(Hons.), Assoc.Brit.1.R.E. 


HE wide band of frequencies 

necessary for faithful reproduc- 
tion of the modulating signal in 
television video amplifiers introduces 
special problems not usually en- 
countered in audio frequency ampli- 
fiers, where level amplitude fre- 
quency response and freedom from 
harmonic distortion are the usual 
requirements. In video amplifiers, 
the maintenance of substantially 
constant gain over the frequency 
band is important, but equal atten- 
tion must be given to the phase/ 
frequency characteristic, as_ this 
determines the time delay of the 
various frequency components of the 
signal in passing through the ampli- 
fier. For television purposes this 
bandwidth can be considered to 
extend from 50 c/s to at least 23 
Mc/s., and most video amplifiers 
have a level amplitude / frequency 
characteristic with constant time 
delay over a wide band of fre- 
quencies in the middle of this pass- 
band. Thus there is generally a 
complete separation of low fre- 
quency and high frequency distor- 
tions. At the extreme high fre- 
quency and low frequency ends of 
the band, the maintenance of a 
definite constant time delay is more 
important than the preservation of 
a level amplitude characteristic, in 
order that substantially distortion- 
less amplification may be possible. 
It will be assumed that the ampli- 
tude of the signal is not sufficiently 
great to introduce harmonic distor- 
tion, with which we are not con- 
cerned here. It must be borne in 
mind, however, that the video 
signal is of a transient nature and 
the amplifier must not introduce 
any appreciable modification of the 
intelligence contained in the signal; 
in other words, the wave-shape 
must not be impaired beyond cer- 
tain tolerable limits. The simple 
steady state response is obtained by 
plotting amplitude/frequency re- 
sponse over the frequency spectrum 
using sine waves of constant ampli- 
tude and the method of doing this 
is so universal that it need not be 














(b) 











shown 


Fig. |. (a) Step voltage waveform 
line 


dotted, amplifier output in _ full 
(b) Similar waves for a square wave 


described here. The other and less 
familiar steady state response is 
obtained by plotting the phase 
shift/frequency response over the 
frequency range; a method of 
deriving this curve has been des- 
cribed elsewhere.”* Within limits, 
the inspection of these two curves 
enables one to estimate the response 
to a video signal. However, in the 
regions of high frequency and low 
frequency cut-off where the ampli- 
tude and phase characteristics are 
deteriorating, the transient perfor- 
mance is still unknown. This tran- 
sient response can be observed from 
the response to a Heaviside unit 
function, i.e., a suddenly applied 
voltage which thereafter remains 
constant in amplitude. If this 
** step voltage ”’ is to be reproduced 
accurately the amplitude and phase 
characteristics must be linear from 
zero to infinite frequency. Thus, 
in practical amplifiers the response 
is determined by the ability of the 
amplifier to transmit high and low 
frequencies. The high frequency 
response determines the shape of 
the transient wave form at, and 
a short time after, the application 
of the ‘ step voltage ’’ and good 
high frequency response results in 
the reproduction of this sudden 


change of voltage as a steep and 
straight transition without over- 
swing. The low frequency response 
determines the shape of the tran- 
sient waveform after a much longer 
time has elapsed. 

The television signals consist of 
rapid non-repeated variations of 
voltage which do not attain a steady 
state, consequently a good ‘“‘ tran- 
sient ’’ response ensures acceptable 
fidelity of reproduction of these 
signals. Also, if the response to the 
‘unit step ’’ function is known, the 
response to any other transient 
analysis shows the extent of distor- 
tion introduced by the irregulari- 
ties in the amplitude and phase 
characteristics over a given fre- 
quency spectrum, and also by the 
limitation of that spectrum to a 
given band of frequencies. 

A graphical representation of 
these high frequency and low fre- 
quency effects is depicted in Fig. 1(a) 
The dotted line curve represents the 
‘unit step ’’ voltage waveform and 
the full line the amplifier output 
waveform. The time interval T, 
during which there is no response 
is given by the effective time delay 
in the amplifier and: does not repre- 
sent distortion; during time interval 
T:, the output rises from zero to 
the steady voltage amplitude, prob- 
ably after one or more cycles of 
damped oscillations commonly 
known as “ringing.’’ This intro- 
duction of distortion is determined 
almost entirely by the amplitude 
and phase characteristics ‘at the 
high frequency end of the pass- 
band. After this interval the ampli- 
tude of the output voltage declines 
at very slow rate, determined by 
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the low frequency characteristics of — 


the amplifier. The overall response 
is in effect that which the amplifier 
presents to a periodic square wave 


of infinite period, the output volt- © 


age falling to zero after infinite time 
has elapsed. 


High Frequency Response 
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To determine the high frequency ~ 
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consider the time interval T: in 
which all the effects of distortion 
appear. Thus, we could then use 
as an alternative waveform a 
square wave having a period of 
repetition equal to twice the inter- 
val T:. This interval is just suffi- 
ciently long in time to permit the 
output response to have attained a 
substantially constant value before 
the next half cycle of the square 
wave voltage is applied. This 
square wave and the output wave- 
form of the amplifier are shown in 
Fig. 1(b). This method of using a 
repetitive square waveform to deter- 
mine the transient response was 
first suggested by Bedford and 
Fredendall* and used to calculate 
the approximate transient response 
of multi-stage video amplifiers, 


Mathematical determination of 


the transient response is obviated . 


when a square wave generator and 
a suitable oscilloscope are available, 
a stationary pattern being obtained 
on the screen of the oscilloscope; 
the deteriorated shape of the out- 
put waveform reveals the type and 
degree of distortion introduced by 
the amplifier. The fidelity at the 
high frequencies is shown by steep- 
ness of wavefront and character of 
damped oscillations, if any, when a 
square wave of high repetition fre- 
quency is used. Observation of the 
steepness of the wavefront enables 
one to calculate the resonant fre- 
quency of the high frequency com- 
pensating network used in the cir- 
cuit.’ The horizontal resolution of 
a television image is mainly deter- 
mined by the steepness of the wave- 
form of the response to a “ step 
function ”’ or of a square wave of 
suitable repetition frequency. In 
reality, the size of the scanning spot 
limits the sharpness of changes of 
picture shades and the most abrupt 
change from black to peak white in 
an average television system occurs 
over an interval of about 0.15#sec. 
This effect, known as the aperture 
effect,. limits the requirements 
demanded of the video amplifier 
itself. Good low frequency response 
is shown by the ability of the ampli- 
fier to reproduce a low frequency 
square wave without rounding, or 
tilting of the waveform, or a com- 
bination of both these effects. The 
distortion of the low frequency 
square wave represents inability to 
maintain the correct degree of 
background shading from top to 
bottom of the television picture. 
Thus, in the case of a square wave 
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having a repetition frequency of 25 
c/s, a difference of 5 per cent 
between the highest and _ lowest 
points on the top of the waveform 
reproduced by the amplifier results 
in a 5 per cent variation of back- 
ground shading from top to bottom 
of the raster. This is the maximum 
variation that is generally allow- 
able in practice in order to obtain 
a satisfactory picture.‘ 


Thus we see that direct informa- 
tion as to the transient response of 
the amplifier can be obtained by 
applying a square wave, i.e., a per- 
fect recurrent transient, and observ- 
ing the deteriorated shape of the 
output waveform. Now in the case 
of a symmetrical square wave, i.e., 
one having unit mark-space ratio, 
this is equivalent to a fundamental 
frequency fs combined with its odd 
harmonics which are_ therefore 
spaced 2/s apart in the frequency 
spectrum. Consequently, it is in- 
teresting to regard the application 
of the square wave as a simulta- 
neous test of the amplitude and 
phase characteristics of the ampli- 
fier at frequencies spaced 2fs apart.’ 
In other words, 2fs is a measure of 
the electrical resolving power of the 
square wave test and one deduces 
that fs should be small compared 
with the pass-band of the amplifier. 
This enables the reproduced tran- 
sient to have settled at a constant 
amplitude before the new transient 
is applied. The time necessary for 
this is governed by the pass-band 
(which determines steepness of 
waveform) and on the sharpness of 
high frequency cut-off (which deter- 
mines the duration of “‘ ringing ’’). 
In the case of video amplifiers for 
television reception this frequency is 
of the order of 200 Kce/s. As the 
frequency is lowered the low fre- 
quency effects appear and in general 
a square wave generator having two 
repetition frequencies (200 Ke/s. 
and 50 c/s) is quite sufficient. How- 
ever, for the sake of completeness 
and for other purposes given later 
in the paper it is preferable to 
include most frequencies within the 
range separating these two fre- 
quencies, hence a step and a con- 
tinuous frequency variation control 
are provided for this purpose. 


The output voltage of the genera- 
tor should be high so as to enable 
one to test a low gain video stage 
which modulates a__ television 
cathode ray tube having a long grid 
base—an output of some 10 volts 
peak to peak is quite suitable. 
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Hence it is not necessary to amplify 
the output voltage; indeed, if this 
were so, the design of such an ampli- 
fier would have to be much more 
carefully considered than that of the 
one under test, and its performance 
tested by the square wave generator 
also. Considerable accuracy is 
afforded by this method of amplifier 
testing since slight changes in the 
amplitude and phase characteristics 
result in considerable modification 
of the output wave shape. 


Low Frequency Response 


For the observation of low fre- 
quency phenomena the square wave 
signal is applied at the input ter- 
minals of the amplifier and an 
oscilloscope connected directly to 
the output. It is a wise precaution 
to check the linearity of the time 
base trace before recording results. 
In the case of high frequency test- 
ing, the problem becomes more com- 
plicated. Without doubt, the video 
amplifier under test will have been 
designed to work into a given load 
capacitance and the effect of con- 
necting the output to an oscillo- 
graph will be to increase this capaci- 
tance by some 20 pF. or so. The 
obvious procedure is to assess the 
values of the load capacitances and 
remove a capacitance (e.g., tele- 
vision tube connexion, plugs, leads 
to next stage, etc.) equal to that 
of the test oscilloscope and its con- 
nexion leads, so as to maintain the 
total load capacitance at the same 
value. If it is not possible to do 
this, then a cathode follower must 
be used between the output of the 
amplifier and the input terminals of 
the test C.R.O. This will insert 
only an extra load capacitance of 
some 5 to 10 pF., which can be 
more easily balanced out by the 
removal of connexions not essential 
to the test experiment. The design 
of such a cathode follower must be 
a subject of great care if it is not 
to be overloaded and if it is to 
have no effect on the _ overall 
response. It is not the purpose of 
this article to give this design pro- 
cedure; the necessary information 
has been given previously. To 
determine the values of _ these 
capacitances a bridge tester may be 
used, or the method of Seeley and 
Kimball’ is an alternative. When 
performing the high frequency test, 
check that the transient has com- 
pletely settled down during a single 
half cycle of the square wave by 
varying the repetition frequency, 








206 


and note that this does not result 
in any change of shape or slope of 
the leading edge of the waveform. 
If the effect of the detector load 
circuit is to be included in the test, 
the connexion of Fig. 2(a) is recom- 
mended. Fig. 2(b) gives an alterna- 
tive mode of connexion, but is in- 
ferior in that it reduces the available 
output of the square wave genera- 
tor. The author has found the 
Cossor Model 339 double beam 
oscillograph useful, the maximum 
output of the square wave genera- 
tor being connected to the second 
deflexion plate in order to make 
direct comparison between input and 
output waveforms. The second 
beam may also be used to check 
the repetition frequency of the 
square wave generator by connect- 
ing to it a 200 Ke/s or other fre- 
quency sine wave voltage of suffi- 
cient amplitude, In this case it is 
useful to synchronise the multi- 
vibrator to the sine wave frequency 
in the manner indicated in the 
circuit diagram of Fig. 3(a). 


The:Square, Wave Generator 


The square wave generator to be 
described is of a conventional type 
using a multivibrator, the output of 
which is “ clipped’? by a _ valve 
operating near to cut-off; by using 
a circuit similar to that described by 
Bartelink,® it is only necessary to 
carry out one ‘‘ squaring ”’ opera- 
tion. The output of the “‘ squar- 
ing ”’ valve is fed into a cathode 
follower, the low output impedance 
of which prevents deterioration of 
the waveform when connected to a 
fairly large load capacitance. The 
complete circuit including compo- 
nent values is given in Fig. 3(a). 

The multivibrator consists of two 
pentodes with equal anode load resis- 
tors and equal coupling capacitors 
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connected in normal manner. It 
was decided to use pentodes so as to 
obtain a sufficiently rapid rise of the 
output square wave and for the 
same reason the anode load resistors 
were kept at the somewhat low value 
of 5K2, The coupling capacitors 
are selected by a switch which con- 
stitutes the step frequency control. 
The grid resistors are made equal 
so as to obtain a mark-space ratio 
of approximately unity and are 
returned to a potentiometer which is 
connected across the H.T. supply; 
this enables one to vary the positive 
bias applied to the two grids and 
so serves as a continuously variable 
frequency control. 

It is possible to obtain a waveform 
approximating to a square wave 
from either anode by suitable adjust- 
ment of the time constants. How- 
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(a) and (b) Connexions of detector load circuit when included in low frequency 


response test 














Fig. 3. (b) Waveform at cathode of multi- 


vibrator 


ever, such a waveform needs to be 
‘‘ clipped ”’ on both positive and 
negative sides before it is completely 
“* squared.”?’ The waveform at the 
cathode is as shown in Fig. 3(b) and 
is seen to be already square on one 
side. Furthermore, the cathode out- 
put connexion is at low impedance 
and so the effect of the input capaci- 
tance of the following stage on the 
rise of the square wave is consider- 
ably less than in the case of a circuit 
using the anode connexion. 

The cathode of the squaring pen- 
tode is connected to that of the 
multivibrator valve, and its grid is 
directly earthed. By a suitable 
choice of the common cathode resis- 
tor the applied voltage is of suffi- 
cient amplitude to ‘‘ switch” the 
grid-cathode voltage of this valve 
from zero to cut-off voltage. As the 
bias voltage across this common 
cathode resistor depends on the 
setting of the potentiometer used for 
varying the positive grid bias, there 
is no fixed optimum value for this 
resistor. Because of this, a 500° 
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variable resistor is used, with a fixed 
resistor of 1002 connected in series 
so as to prevent the bias voltage 
on the ‘‘ squaring ”’ valve falling 
below its normal working value. An 
amplified version of the squared 
waveform appears at the anode and 
is fed to the cathode follower 
through a coupling capacitor. This 
capacitor must be sufficiently large 
in order not to impair the shape 
of the waveform at the lowest 
repetition frequency. Due to the 
feedback action, the effective input 
resistance of the cathode follower 
is approximately five times greater 
than the value of its grid-leak 
resistor and so the value of this 
coupling capacitor need not be 
excessive. Variable amplitude of 
output voltage is obtained by using 
a potentiometer as the cathode load 
resistor of the cathode follower. 
Ideally, the power supply should be 
stabilised but this is not normally 
necessary if an extra large capaci- 
tance is connected across the H.T. 
supply. If a repetition frequency 
lower than 50 c/s is required it is 
recommended that a circuit using 
balanced push-pull squaring and 
output stages, similar to that of 
Cosby and Lampson,’ should be 
used. 


Waveforms 


A typical video amplifier stage is 
given in Fig. 4 and we shall now 
discuss the effect of the values of the 
components on the wave shape of 
the amplified square wave. The 
capacitor C represents the total 
effective stray capacitance and it 
will be assumed that, in the interests 
of gain, this is limited to as small 
a value as possible. Rr represents 
the decoupling resistor and/or 
the H.T. source impedance, and Cr 
the decoupling capacitor or the H.T. 
supply smoothing capacitor. 

In Fig. 5(a) is shown the initial 
square wave, and the modification 
of its wave-shape by the more com- 
mon types of distortion likely to be 
encountered are indicated in the 
other diagrams. For instance, in 
Fig. 5(b) there is a pronounced 
rounding of the diagonally opposite 
corners of the waveform. This may 
be caused by the excess time delay 
(i.e., phase lag) of the high fre- 
quency components in_ passing 
through the amplifier. Assuming C 
to be reduced to a minimum possible 
value, we must reduce the value of 
Ri and/or increase the value of L. 
If the rounding appeared at the 
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Fig. 4. Video amplifier stage 


other two corners it would indicate a 
phase lead at the higher frequen- 
cies. Constant time delay at all 
frequencies but with attenuation of 
the high frequency components 
results in the rounding of all four 
corners as shown in Fig. 5(c). This 
can be removed only by reducing 
the value of Ri. If the attenuation 
of the high frequencies takes place 
too suddenly (i.e., sharp cut-off) 
then we get ringing, as shown in 
Fig. 5(d). This is not so likely to 
occur with shunt compensation as 
with series, or filter type compensa- 
tion networks.” The amplitude 
and duration of the ringing 
are determined by the sharpness 
of cut-off and the frequency of 
ringing approximates to the fre- 
quency at which the cut-off is 
most rapid. To reduce this effect 
to a tolerable amount in the case 
of Fig. 5(d), increase the value of 
Ri until the waveform approaches 
that of Fig. 5(e). Then reduce the 
value of L, the compensating induc- 
tance; a further adjustment of Rx 
may be necessary. In the case of 
Fig. 5(f) there is evidence of sharp 
cut-off and that the bandwidth of 
the amplifier is too narrow. The 
waveform can be improved by first 
decreasing L, after which an adjust- 
ment of Ri may be necessary. 

The time of rise of the transition 
edges is a measure of the bandwidth 
of the amplifier. The ‘ rise time ” 
has been defined as the time taken 
for the output voltage to attain 50 
per cent of its final value” and also 
as the time taken to increase from 
10 per cent to 90 per cent of this 
value.” In the opinion of the author 
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the latter is the preferable defini- 
tion as it includes more of those 
distortion effects appearing at the 
top of the waveform. Of course, the 
rise time must be corrected: un- 
waveform is only an approximate 
measure of that of the amplifier, 
since it must depend on the rise time 
of the initial waveform produced by 
the square wave generator. If the 
two are comparable the observed 
rise time must be corrected: un- 
fortunately, this is not a case of 
simple subtraction and a curve relat- 
ing the corrected and _ observed 
rise times is given by Kallmann.* 
In the case of the square wave 
generator described above, which 
has an initial rise time of about 
0.14 secs., it is sufficient to say that 
in combination with an amplifier 
rise time of 0.1#sec., there is a resul- 
tant observed value of 0.14#secs. 
An amplifier rise time of 0.2usecs. 
gives an overall rise time of 
0.224secs., and if the ratio of ampli- 
fier rise time to initial generator 
rise time is greater than 3:1, the cor- 
rection is less than 5 per cent. A 
good video stage for use in tele- 
vision reception should have a rise 
time not greater than 0.2#secs. 

We can now deduce that, as far 
as the reproduction of transient 
waveforms is concerned, a _ flat 
amplitude/ frequency characteristic 
with sharp cut-off will give results 
inferior to those obtained with a 
steadily dropping amplitude charac- 
teristic in which attention is given 
to the phase response at the upper 
end of the frequency spectrum. It 
was mentioned earlier in the article 
that the horizontal definition is 
limited by the aperture effect: this 
attenuation of the high frequency 
components of a television signal is 
inherently free from phase distortion 
and so partial compensation for its 
effect can be given by a waveform 
of the type shown in Fig. 5(f)”. 
Thus the deliberate introduction of a 
ring into the response can be a 
means of improving the sharpness of 
the transition edges of the observed 
picture. It would appear that a 
*“‘ ring ”’ frequency fr given by fr = 
1/T, where T is the ‘‘ width” of 
the spot measured on a time basis, 
gives a safe compromise as far as a 
typical television receiver is con- 
cerned. Care must be taken not to 
over-emphasise the ring, although 
the degree permissible is  un- 
doubtedly a function of viewing dis- 
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tance, picture contrast and, of 


course, personal taste. 

We shall now discuss some of the 
waveforms obtained when using a 
square wave having a low repetition 
frequency. The wave shape may be 
tilted as in Figs. 5(g) and (h); this 
effect is mainly due to a non-linear 
phase characteristic, the phase at 
the fundamental frequency leading 
in the case of Fig. 5(g) and lagging 
in the case of Fig. 5(h). On the other 
hand, the wave may be rounded as 
in Fig. 5(i), indicating that the gain 
at the fundamental frequency is too 
low, or as in Fig. 5(j) when the 
‘‘ fundamental ” gain is too high, 
there being no phase shift in either 


case. 

The tilt of Fig. 5(g) may be re- 
moved by increasing the value(s) of 
R. and/or C;, and that of Fig. 5(h) 
by reducing R: and/or C;. The 
rounding of Fig. 5(i) can be elimi- 
nated by increasing Rr and/or re- 
ducing Cr, and that of Fig. 5(j) by 
reducing Ry and/or increasing Cr. 
If it is not possible to modify the 
values of Rr and Cy then the directly 
opposite adjustments should be made 
to Ry and Cp. In practice it is usual 
for either (g) or (h) to appear in 
combination with (i) or (j) and 
several adjustments in circuit values 
may be necessary. In fact, in the 
course of removing any of the tran- 
sient distortions illustrated in the 

yaveforms of Fig. 5, other types of 
distortion may be introduced, so 
that the final squaring of the out- 
put waveform will often be the result 
of several successive operations. 

In order not to make the problem 
too complex and as it is not possible 
to compensate for the effect of the 
reactances of both C, and Cx in a 
single stage, it is assumed that Cx is 
omitted or, if its inclusion in the 
circuit is essential from gain con- 
siderations, it should have as large 
a value as is economically practical. 
Also the effect of Ri on the wave- 
forms of Fig. 5(g), (h), (i) and (j) 
has been neglected, and in any case 
its value is determined by high 
frequency considerations. For a 
more detailed account of low fre- 
quency adjustments the reader is 
referred to other literature.” 
In general, for a single stage ampli- 
fier, the only low frequency distor- 
tion encountered is that of Fig. 5(g) 
and this is readily removed by in- 
creasing R,; and/or C;. It is recom- 
mended that R, should be as large 
as other circuit parameters permit, 
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distortion likely to Le encountered in the video amplifier stage 


so that the value and therefore the 
physical size of Cz need not be exces- 
sive; this keeps the stray capaci- 
tances introduced by C; at a mini- 
mum, which is important from the 
point of view of high frequency 
response. The amplitude and phase 
characteristics can be derived from 
observation of the square wave 
response" and there is evidence of 
non-linear (i.e., harmonic) distor- 
tion when the two half-cycles of the 
waveform are non-symmetrical. 


Further Uses of the Square Wave 
Generator 


One most useful application of the 
square wave generator is to use its 
output both to modulate a television 
receiver cathode-ray tube and at the 
same time to synchronise the line 
time base sweep generator. If a 
repetition frequency of about 200 
Ke/s. is used, this results in a series 
of alternate black and white vertical 
bars appearing across the screen. 
The relative widths of these bars can 
be used as a measure of the linearity 
of the sweep and the sharpness of 
the edges of the bars is a measure of 
the fineness of focus. Using a repeti- 
tion frequency of about 1,000 c/s. in 
like manner, the same test can be 
applied to investigate the frame time 
base linearity. 
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Factors Influencing Choice of System 


N the field of aeronautical and 

guided missile research it is neces- 
sary to measure and record the mag- 
nitude and variation of certain 
physical quantities during flight. 
Often it is not possible or convenient 
to make the necessary records in the 
aircraft or missile and so_ the 
measurenients are made by electri- 
cal instruments and the data so 
obtained is transmitted to the 


ground by radio _ telemetering 
methods. The record can then be 
made at the ground receiving 
station. 


When a specification has to be 
drawn up for a radio telemetering 
system for a particular purpose, or 
for a wide range of applications, 
attention must be given to a number 
of factors, all of which will directly 
influence the choice of system to be 
adopted and also the conditions 
under which the chosen system will 
work, 

This article is an attempt to pre- 
sent some considerations on these 
factors in the hope that it may prove 
of use to those wishing to use radio 
telemetering, and possibly to those 
who may have to specify the details 
of a system to be adopted for a par- 
ticular purpose. 

Types of System in Current Use 

First, let us consider briefly the 
various types of radio telemetering 
systems in current use. It is not 
suggested that the list is compre- 
hensive but it should illustrate the 
very wide choice which is available 
and emphasise the necessity for 
careful consideration before choice 
is made of any particular system. 

The many systems can be classi- 
fied under two main headings, fre- 
quency multiplexing systems and 
time multiplexing systems. In the 
former, the data to be transmitted 
are converted, if not already in this 
form, into electrical variations of 
voltage, resistance or reactance, and 
these electrical variations are used 
to modulate a multi-channel radio 
transmission system so that each 
channel is given a_ separate fre- 
quency which is modulated by a 
particular data element, and all 
channels are transmitted simultane- 


ously and continuously. 
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In time multiplexing systems the 
data elements are sampled in time 
sequence and the radio transmission 
system is modulated by voltages de- 
rived from each data element in 
turn. Thus information from only 
one of the data elements is trans- 
mitted at a time. Many variations 
of each of these two main types of 
system exist. 

There exist also composite sys- 
tems having certain features of both 
frequency and time multiplexing 
arrangements. For example, groups 
of channels may _ be _ selected 
in comparatively slow time se- 
quence, all channels of each group 
selected being transmitted simul- 
taneously and continuously during 
the period of selection. Alterna- 
tively, certain channels of a fre- 
quency multiplexing system may be 
transmitted normally, that is 
simultaneously and _ continuously, 
and other channels may be time 
multiplexed, each of these multi- 
plexed channels carrying informa- 
tion from a number of data elements 
sampled in slow time sequence. 

In the frequency multiplexing 
systems the most usual arrange- 
ment is for the various data ele- 
ments converted into _ electrical 
variations, to be each used to modu- 
late a sub-carrier. These  sub- 
carriers are spaced in frequency and 
are all used to modulate the main 
radio frequency carrier continu- 
ously and_ simultaneously. The 
modulation of either sub-carriers or 
main carrier may be by amplitude, 
phase or frequency methods or a 
pulsed system may be used with 
amplitude, width, position or recur- 
rence frequency modulation of the 
pulses. 

The time multiplexing systems 
show an even wider variation in 
arrangement although all arrange- 
ments provide for the sequential 
sampling of the data elements. 
wide variety of sampling or commu- 
tation devices are being used or 
tried; examples are, simple brush 
commutators, multiple contact 
switches operated in sequence by 
cam arrangements, rotating light 
beams with photo cells, rotating elec- 
tron beams in high vacuum tubes, 
electronic commutators using pulse 


circuits and electrostatic or electro- 
magnetic commutators having no 
direct connexion between moving 
parts. 

Equally diverse methods of modu- 
lation are possible, simple direct 
amplitude or frequency modulation 
of the R.F. carrier may be used, or 
alternatively frequency or phase 
modulation of a sub-carrier which 
in turn is used to amplitude, phase 
or frequency modulate the main R.F. 
carrier. More complex methods re- 
quire the production of pulses which 
may be amplitude, position, width 
or recurrence frequency modulated, 
or pairs of pulses may be generated 
in which the time interval between 
the pulses of each pair is modulated. 

In all time multiplex systems syn- 
chronisation of the receiving and 
recording equipment to the trans- 
mission equipment is necessary in 
order to identify correctly the 
signals due to each channel so that 
the variations of the data elements 
of each channel may be separately 
analysed. The methods adopted for 
this synchronisation are almost as 
various as the. modulation or com- 
mutation methods and may be pro- 
vided by devoting one or more chan- 
nels to the transmission of a signal 
of peculiar amplitude, width or 
frequency. 

Each of the systems and variation 
of systems has particular merits and 
demerits, and to go into these in 
detail would take considerable time 
and space: but it is hoped to draw 
attention to what are believed to be 
the more important features so that 
the choice of system for a particular 
purpose may perhaps be narrowed 
down if not definitely established. 


Factors Influencing Initial Choice of 

System 

The more important factors influ- 
encing the initial choice of system 
which is the most suitable for a par- 
ticular purpose appear to be as 
follows :—~— 

(a) The nature of the physical 
data to be transmitted (e.g., accel- 
erations, pressures, strains, tem- 
peratures, voltage levels, etc.). 

(b) The number of such elements 
of data to be transmitted (i.e., the 
number of channels required). 
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(c) The maximum frequency of 
variation of the data on each 
channel. 

(d) The space and weight limita- 
tions on the transmission equipment 
(including the apparatus to convert 
mechanical data to electrical data 
where necessary). 

(e) The overall accuracy required 
from the system. 

(f) The operational life required 
for the transmission portion of the 
system. 


Choice of System and Modulation 
Method 


When the preceding factors have 
been quantitatively assessed a choice 
can usually be made between the 
frequency and time multiplex 
systems, for the number of channels 
which can conveniently be accommo- 
dated by frequency multiplexing 
systems is limited to about 6 to 10; 
otherwise the bandwidth require- 
ments become excessive, the channel 
filtering arrangements become very 
complex and the problem of cross- 
talk between channels becomes 
serious. This limited number of 
channels can, however, handle data 
which is varying at frequencies up 
to several thousand cycles per 
second. 

Time multiplexing systems can 
accommodate many more channels, 
but with mechanical ccmmutation 
the limit of data variation frequency 
which can be handled is determined 
hy the maximum permissible rota- 
tional speed of the commutating 
device. A sampling frequency of 
more than twice the highest data 
variation frequency must in practice 
be used, and each channel is usually 
sampled once per revolution of the 
commutator. 

The first of the composite systems 
mentioned under the heading ‘‘Types 
of System in Current Use”’ has 
attractive possibilities when rapidly 
varying data occur on a larger num- 
ber of channels that. can normally be 
accommodated on a frequency multi- 
plexing system and when the fre- 
quency of data variation is higher 
than can conveniently be handled by 
a time multiplex system. The infor- 
mation obtained is, however, dis- 
continuous (a practical arrangement 
would allow for, say, 36 channels 
sampled in groups of six, each group 
being sampled for one second every 
six seconds). Less frequent group 
sampling would permit more groups 
and so a larger total number of 
channels. 
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It is clear, therefore, that the num- 
ber of channels required and the 
maximum variation frequency of 
channel data will generally deter- 
mine the choice between frequency 
and time multiplexing systems. 

Space and weight limitations are 
likely to influence the choice between 
continuous wave and pulse modula- 
tion particularly if a time multi- 
plexing system is chosen and the 
number of channels required is more 
than about a dozen. In general the 
pulse systems will be more complex 
and require more space than the 
C.W. systems. The pulse systems 
may conveniently use _ electronic 
commutators permitting high samp- 
ling rates with many channels; they 
also make possible the design of 
elegant display and recording equip- 
ment. Where the smallest possible 
transmission equipment is essential, 
frequency multiplexing systems and 
most pulse modulated time multi- 
plexing systems are at a disadvan- 
tage, for at least one valve per 
channel will be required, whereas 
with a C.W. time multiplex system 
the commutation can often be per- 
formed at the input to the valve 
chain and in the very simplest of 
arrangements the total number of 
valves for the complete modulation 
and radio transmission equipment 
may be reduced to only two. 

The choice of modulation system 
is influenced more by the accuracy 
that is required from the system 
than by other factors. All the 
usual considerations, well known to 
radio engineers, of the relative 
merits of amplitude, frequency, 
phase and pulse modulation methods 
apply to telemetering systems as to 
other radio-communication systems. 


Choice of Carrier Radio Frequency 


The effect of the ionosphere on 4 
radio signalling system is a serious 
difficulty in the transmission of 
accurate measurement data. Re- 
flexions from this ionosphere may 
cause variations in the amplitude, 
phase or time of arrival, or the fre- 
quency of the received radio signal, 
and these variations may cause 
error. Reflexions from the iono- 
sphere are almost entirely absent at 
carrier frequencies above about 200 
Mc/s per sec. It seems, therefore, 
advisable to use frequencies above 


ihis value for radio telemetering 
purposes. 
The use of directive receiving 


aerial systems will help to reduce the 
error due to reflexions of the signal 
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from the surface of the earth, build- 
ings and trees, and will also give an 
improved signal to noise ratio due 
to the aerial gain. Such directive 
aerials become quite practical at the 
higher radio frequencies. 

The use of a very highly directive 
receiving aerial system is, however, 
not very convenient, for the difficulty 
of keeping the aerial directed on to 
the moving transmitter increases as 
the aerial beam width’ decreases. 
Auto-following techniques can, of 
course, be used but such additional 
complications are unwelcome. 

Absorption of the radio ‘signal by 
cloud or rain occurs when frequen- 
cies of about 3,000 Mc/s and above 
are used, also it becomes increasingly 
difficult at these frequencies to 
obtain the desired omnidirectional 
transmitting aerial radiation. It 
seems, therefore, that the highest 
practical carrier frequency is of the 
order of 1,000 Mc/s. 

A further factor influencing 
against too high a carrier frequency 
is that of valve types available for 
the airborne transmitter. When it 
is necessary to keep the physical 
size of the airborne equipment to a 
minimum the use of transit-time or 
magnetron oscillators is prohibited, 
and triodes or pentodes must be 
used. With existing types of such 
valves the efficiency falls off rapidly 
with increasing frequency and this 
valve question probably sets an 
upper limit of about 600 Mc/s. 

The physical size and arrange- 
ment of the transmitting aerial on 
the vehicle is obviously a matter of 
importance for it is undesirable that 
the aerial should introduce serious 
drag or otherwise affect the aero- 
dynamic properties of the vehicle. 
Radio frequencies in the range 
300-600 Mc/s. require quite small 
conventional rod aerials and are also 
convenient for the application of 
suppressed or slot aerials should rod 
aerials be unacceptable aerodyna- 
mically. 

A radio frequency carrier of be- 
tween 300 and 600 megacycles per 
second is therefore best for most 
telemetering purposes. 


Choice of Commutation Method for 
Time Multiplexing 


The simplest form of time sequence 
sampling devices are undoubtedly 
brush commutators or cam operated 
switches. Their use, however, is 
limited to systems which do not re- 
quire the transmission of rapidly 
varying data; for, as has already 
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been mentioned, each channel is 
usually sampled only once per 


revolution of the sampling device 
and the maximum rotational 
speed possible with brush com- 
mutators or cam _ switches is 
probably not more than about 
3,000 or 4,000 r.p.m., or 50 to 60 per 
second. This means that the maxi- 
mum data variation frequency which 
can be transmitted is not more than 
25-30 c/s. A further limitation to 
these mechanical contacting arrange- 
ments is due to the brush or switch 
contact noise voltages produced. 
This noise sets a lower limit to the 
signal levels which may be sampled 
and it will introduce serious errors if 
the commutation of strain gauge or 
other circuits producing signals of 
millivolt order is desired without pre- 
commutator amplification. 

A commutation arrangement 
having attractive features for a tele- 
metering system for transmitting in- 
formation from a large number of 
pressure measurements, such as the 
distribution of pressure along the 
wing of an aircraft, is that using a 
rotating light beam and a photo cell. 
In this arrangement a light beam of 
very small cross section is rotated 
by a small revolving mirror and 
caused to pass in rapid sequence 
through a series of small shutters 
arranged around the periphery of a 
circle. A further small mirror, 
rotating synchronously with the 
first, collects the light emerging in 
turn from the shutters and directs 
it to a photo cell. Each of the 
shutters is controlled in aperture by 
one of the pressure points, thus the 
photo cell output is a voltage whose 
amplitude is modulated successively 
by each shutter and therefore by 
each pressure. The device can be 
made quite small and having small, 
light weight rotating parts can be 
operated at speeds well above 10,000 
r.p.m. The signal to noise charac- 
teristic is little worse than that of 
the photo cell. 

Similar in general principle to the 
rotating light beam commutator are 
the several variations of the rotating 
electron beam device. In these an 
electron beam within a high vacuum 
tube is deflected on to a series of 
target plates in time sequence and 
arrangements are made to permit 
modulation of the beam either con- 
tinuously by a single external signal 
or in turn by as many external 
signals as there are target plates. 
The device may thus be used to 
sample in turn the amplitude of a 


Flectronic Engineering 


” 


number of voltages or sort out a time 
multiplexed signal into its compo- 
nent parts. Being of electronic 
character very high sampling or 
sorting speeds are possible. In 
telemetering application these de- 
vices have, however, very limited 
use due to the rather high modu- 
lating voltages required and to the 
undesirable complexity and bulk of 
the required deflexion circuit 
apparatus. 

Commutation can also of course, 
be achieved by pulse circuit arrange- 
ments using ordinary electronic 
valves. Such arrangements are 
capable of giving a very satisfactory 
performance and can be designed to 
sample voltages of almost any level 
at any required speed, at least up 
to a million samples a second. Again, 
however, it is the complexity and 
the bulk of such arrangements that 
make them unsuitable for telemeter- 
ing if a large number of channels 
have to be sampled and if the avail- 
able space for the equipment is 
limited, as is usually the case. 

It is apparent, therefore, that high 
speed commutation is a problem, 
especially when a fairly large num- 
ber of channels are required, and 
particularly if the voltage levels of 
the channels are small due to the 
low output of the mechanical-elec- 
trical pick up devices. A_ possible 
solution to this problem of high 
speed low level commutation is 
offered by commutators which 
sample electrostatic or electromag- 
netic fields produced by the signals 
on the various channels. Usually 
such electric fields are very weak 
but it seems likely that by careful 
design satisfactory commutation 
may be developed which will pro- 
vide for the sampling of up to 
about 50 channels at rates of around 
200 per second of each channel 
where the signal on each channel is 
of millivolt order or greater. 


Conclusions 


From the considerations presented 
it will be appreciated that the draw- 
ing of any rigid conclusions as to 
which system is the preferable one 
for any given purpose is an ex- 
tremely difficult task unless all the 
influencing factors are known. Cer- 
tain general conclusions can, how- 
ever, be drawn. 

The choice of the radio frequency 
to be used seems to be fairly 
definitely established within limits. 
The final choice of precise frequency 
will depend upon the frequency 
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allocation authority and upon the 
transmitting aerial arrangement 
chosen. 

The operational life required from 
the transmitting part of the equip- 
ment will influence the electrical 
and mechanical design. If, for rocket 
tests, only a few minutes operational 
life is required, apart from testing 
and setting up requirements, certain 
components may be operated at 
ratings above normal and very com- 
pact power supply sources may be 
used. 

The overall accuracy required from 
the system will considerably influ- 
ence not only the choice of system 
but also the electrical and mechani- 
cal tolerances of. the various com- 
ponent parts. 

Unless performance requirements 
demand otherwise there does seem 
to be a very strong case for the 
simplest possible system, for such a 
system should prove to be the most 
reliable. Reliability in telemetering 
is of paramount importance because 
all, or a large proportion, of the in- 
formation regarding a_ particular 
experiment or test is to be obtained 
from the telemetering record; and 
often, as in the firing of a rocket, 
there is only one chance of doing 
the experiment. Every experiment 
will require considerable and expen- 
sive preparation, much of which 
may be wasted if the telemetering 
equipment fails to record the results. 

If complex systems are contem- 
plated, careful thought would seem 
to be necessary to decide whether 
the additional accuracy or other 
facilities really justify the greater 
potential unreliability. The limited 
space which is so often allocated to 
the telemetering equipment also 
favours a decision to use the simplest 
possible system. 

It is very difficult to attempt any 
general statement of opinion as to 
what is the best  telemetering 
arrangement for it is clear that a 
knowledge of particular require- 
ments is necessary. It does seem, 
however, that the simpler systems 
have the advantage, and that many 
requirements of a _ telemetering 
system can be met by a time multi- 
plexing system, using one of the 
forms of mechanical commutator, 
the output of which is used to fre- 
quency modulate a sub-carrier of 
about 100 Ke/s., the sub-carrier 


amplitude modulating the main 
R.F. carrier. This amplitude modu- 
lation is arranged to modulate 


(Continued on page 223) 
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TELEVISION ft A 
TEACHING OPHATI 


RABI: 








The new Emitron television iinstallation at Guy’ 
Hospital, which has been designed in co-operation with 
the Director of Surgery, is claimed to be the only 
equipment of its kind in the world, and was demon- ot 
strated for the first time on May |\th, 1949. | 
At this demonstration, the removal of a boy’s appendix 
was witnessed at viewing points in an adjacent lecture 
theatre and access to the gallery of the theatre was | 
allowed while the actual operation was in progress so 
that a direct comparison could be made. ( 
The possibilities of television as an aid to medical 
instruction have long been discussed, and although on a 
few special occasions in America television has beer 
temporarily installed in an operating theatre to,enabl« | 
} 

























"[ equipment illustrated in the accom 








panying photographs incorporates in one E 
assembly the television camera with a shadow- re 
less lighting unit, and reproduces a view of the to 
operation as nearly as possible similar to that ac 
seen by the surgeon, without in any. way re 
departing from established theatre conditions ro 
or techniques. or 

In unit construction with the lamp are the fo 
lens unit and television camera; the whole of tr 
this assembly can be rotated through 60° for ge 
operations on an inclined table or moved on an 1 sil 
overhead track to allow flexibility in the } Wl 
theatre. The small handle for rotation of the ; if 
unit can be seen in the lower centre of Figs. 
land 4, lig 

The lens unit which is motor operated from to 
the control room, offers the choice of three ar 
magnifications so that the picture on the view- lig 
ing screen represents at will any of the follow- th 
ing areas: sit 

(1) an overall field of approximately 20 in. gE 

by 25 in. extent. | de 
(2) an approximately life-sized | ke 
reproduction. 
(3) a magnified close up of all 
an area about 5 in. by 6 in. sa 
A general view of the operating co 
theatre is seen in Fig. 3 which shows th 
the unobtrusive character of: the ge 
installation. A view is shown of the an 
camera—shown in Fig. 4 with the | po 
cover removed. of 
Vision equipment in the control sig 
room (see Fig. 5) comprises the ne 
camera channel and waveform ty 
generator, whose various units are | 
housed in reinforced sheet metal by 
cases with removable sides, the com- te: 
ponents being mounted on hinged is 
panels providing a high degree of Jf Vi 
accessibility for maintenance. th 
Operational controls are grouped on = ff ar 
the front panel and multi-way plugs ff Er 
and sockets are provided at the rear we 
for inter-connecting cables. ca 
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ON AN AID TO 
OPHATIVE SURGERY 


































Guy’ groups of surgeons to watch the performance of some 
n witl | particular operation, the present installation is the 
e only first properly engineered permanent equipment which, 
Jemon- | at every stage, has been designed to meet the particular 
requirements of the medical profession. This was the 
gahtahl | first occasion, furthermore, in which operations have 
eget ever been televised in Europe. 
al | At present television presentation of operations is 
} still in a relatively experimental stage, but almost 
nedica daily definition is being improved, and the technical 
th on a problems involved in picking out in monochrome the 
s beer different shades of tissue which an operation field 
enable displays, are being tackled successfully. 
‘om The television camera employs a C.P.S. 
one Emitron tube, the high sensitivity of which 
low- requires no increase in light but, in fact, is able 
the to work with lenses of small aperture with the 
that advantage of a useful depth of focus in the 
way received picture. The C.P.S. Emitron sur- 
ions rounded by the focus and scan coils is mounted 
on a ball bearing carriage which, for optical 
the focusing is motor driven and remotely con- 
e of trolled. The head amplifier and line scan 
for / generator units are mounted alongside acces- 
1 an / sible for maintenance and easily removable, 
the while the whole camera can be rapidly detached 
the if required. 
‘igs. A concealed microphone is mounted on the 
lighting unit on the opposite side of the camera 
rom to enable a surgeon to explain the course of 
hree an operation (see Figs. 1 and 2). The camera, 
iew- lighting, sound and control cables are all taken 
low- through telescopic tubes to the control point 
| situated in a room alongside the theatre 
in. gallery, and the whole apparatus has been 
| designed so that it may easily be 
ized | kept clean and sterile. 
The camera control unit carries 
of all the operational controls neces- 
sary for setting up the picture, and 
ting contains apparatus for generating 
ows the scanning voltage waveforms, to- 
the gether with the picture signal 
the amplifier. The amplifier incor- 
the ' porates circuits for the introduction 
of suppression pulses, synchronising 
trol signals, and any other waveforms 
the necessary for the operation of the 
orm type of camera in use. 
are Sound and vision signals are fed 
tal by cable to viewing points in the 
om- teaching department, one of which 
ged is seen in Fig. 6. At present four 
‘of @ viewing sets are in use in lecture 
nce. theatres, and elsewhere, and they 
lon | are standard HMV sets with a 15 in. 
lugs ff Emiscope tube, slightly modified to 
fear «4 work on the signals received by 
cable. 


[Photographs by courtesy of E.M.1I. Ltd. 





The Harmonic 


By W. 


ESPITE the fact that the out- 

put waveform of the multivibra- 
tor is well known for the richness of 
its harmonic content, quantitative 
data for the amplitudes of the 
various component harmonics do not 
appear to be readily available. It is 
the purpose of this article to provide 
this information and at the same 
time to indicate the manner in which 
the harmonic content changes as the 
waveform undergoes modification 
within the general pattern usually 
obtained with multivibrator types of 
circuit. 

According to Fourier’s Theorem, a 
complex periodic waveform defined 
by a function y=f(x) may be repre- 
sented by a series consisting of a 
constant term and a_ number of 
harmonically related _ sinusoidal 
terms. In most instances an infinite 
number of terms is required to give 
an exact representation of the 
original waveform, but it is usual to 
find that the series converges so 
rapidly that for all practical pur- 
poses very few terms are of impor- 
tance. The general form of the 
Fourier expansion is as follows: 


y = f(x) = Ho + Hicos(a + $1) 
+ H:cos(2x + ¢:) + 
eee H.cos(nx + $n) 


The coefficient He represents the 
mean value of the function over a 
complete cycle, H: is the amplitude 
of the fundamental, H: that of the 
second harmonic and so on. Each 
term of the type Hacos(nx+¢n) may 
be regarded as the vector sum of 
Ascosnx and Ba:asinnx so that the 
above expansion may be written as 
the double series: 


y = f(x) = Ao+Arcosx + Azcos2x + 
. Ancosnx 


+ Bisine + Bsin2a + ... Basinne 


a form which is much more con- 
venient to us, when the wave-shape 
it is desired to analyse is made up 
of two or more simple waveforms 
which can be dealt with separately. 


_ The output of the multivibrator is, 
in general, of the pattern shown in 
Fig. 1 and it will be seen that its 
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of Multivibrator Waveforms 
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Waveform of multivibrator output 


ordinates can be regarded as the sum 
of square and triangular portions as 
shown in Fig. 2. Each of these can 
be represented by a Fourier double 
series, so that if the former portion 
is defined by a function y’ = f(z) 
and the latter by y” = f(a), it 
follows that: 
y=yty’, 
where y’ = f(a) = Ao + Ai’cosx 
+ A:’cos 2x + 
+ Bisine + BysinQa+. . . Bo’sinnx 
y” = f’(a) = Ao” + Ar’cosx 
+ A2”cos2x + . . . An” cosne 
+ B.’sina + Bo’singa+ ... Bo’sinne 
Providing both these functions are 
referred to a common origin the 
corresponding sinusoidal terms in 
the two expansions will be in phase 
and may therefore be added directly 
in order to obtain the coefficients of 
a double series representing the com- 
plete waveform. Thus: 
y = (y + y”) = (Ae’ + Ao”) 
+ (Ar + Ar’)cosa + (A2’ + As” )cos2x 
+... (An’ + An”)cosnx 
+ (BV + By’)sina + (Bo’ + Be’ sin2a 
ee (B.’ + B.”)sinna 


Square Portion 


The separate portions of the wave- 
form now require individual treat- 
ment. The square portion has a 
value a: between O and 4, and a value 


. A’ncosnx 


— a: between @ and 27. It will there- 
fore be defined by the function: 


y =f (2) =[a]® = 7 - a]27 
(= 1) =[a]? =[-el2 
Following the usual processes of 


Fourier analysis, an expression for 
the mean value A.’ is obtained from: 


pe! 27 
~ on f(a)dx 
° 
1 6 27 
or adx — end 
° 6 
1 


= -{ «9 — a:(27 — | 


Ae’ 


oT: 


Expressions for the Au and Bu 
coefficients are obtained in the fol- 
lowing manner: 


PES pe 
AJ == f (x)cosnadx 
° 
1 6 
oe acosnxdx — 
° 
f acosnxdx 
6 
( 


2 mat 
n™ | (ai + a2)sinn9 


ae 
T f (a)sinnxedx 
° 
] 6 
= a asinnedx — 
i) 


Bv = 


i asinned| j 
6 ‘ 


1 
| (a + m)(1 — cosn’)} 


Triangular Portion 


Dealing now with the case of the 
triangular portion, this is seen to 


have a value — (@ — x) between 


bz 
O and 8, and ————— 
ov — 6 


(27 


~ a) 
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Fig. 4 Plots of Harmonic Amplitudes as a function of k 
between 8 and 27. It will therefore pa ee re 1 (b 
he defined by the function : . a f’ (a)cosnadx ~ nt | [n? — sinn?] 
r ‘aie bi 6 n 
y =f (2) = 7 (9 — x) 1 @ 1, b 
= 1 ncn YN 2 2 . 
oO We (ff “e (@ — a)cosnadax <3 [n(27 — 9)cosn9 + sin] 
D2 oT ise ° oT 
=| - QT — x 
| 27 — 6 ( | i) b: 


The mean value of this portion of 


the wave is obtained from the 
relation: 
” ] 27 
A i f(a)de 
1 6 bi 
= ie 5 a 6 _ _— 
=o i 6 ( ada 
° 
QT bz 
ete = wae 
6 3 
a 1 ! 6 = b: (27 a. 6) 
av | 2° 2 


The A.” and B.” coefficients are 
determined as follows: 


OT 
7 


1 {bi 
= ——J— [1 — cosn0] + ——— 
= [1 — cosn9] + (27 


(a7 — 6) 


bz : 
= 6) 


[1 — cosn® + n(27 — 4)sinn®] 


Bx” = 


1 fe 
T f (x)sinnada 
ce} 


6 bi ° 
ie > (8 — a)sinnadx 


e emer -2)sinnada} 


(27 - eosnads} 


Adding together the appropriate 
coefficients for the square and trian- 
gular portions of the original com- 
plex wave the Ao, An and Bn terms 
for the double series representing the 
latter are obtained. Thus: 


= | 6 + bi 
or | ai 2 


(24) 


An = Av’ 
1 . 
ve (a: + az + bz)sinn® + 


Ao= Ao + Ac” = 


(27 


+ An” = 
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R | ~~ - eS from : 
" [ « — cosnt) ( 0 tor — s)|} et 4b. 
ined nar 
R. = B. + B.” = p, _ 22a +b) 
, 5 = nv 

ym | (ar tae + bi) — (ar + ae + bscosnd — If the peak amplitude (a + b) is 
sie | represented by A and the ratioa/A is 


1 — bi _ bs 
. sinn oe + or — @ 


The analysis of any waveform con- 
forming to the general pattern of 
Fig. 1 may now be obtained by 
inserting the values of the variables 
a: a2, bi bz, and 8. Usually, however, 
the radio engineer is concerned prin- 
cipally with the symmetrical type of 
output waveform shown in Fig. 3, 
in which case very considerable sim- 
plification of the above expressions is 
possible. In this instance the general 
terms reduce to: 


Ao =o 
2b 

An = —> [1 — cosn7 
seg LL ~ cosn] 
2a + t 

Ba = +? [1 — cosn™ 


nv 


from which it is evident that both 
A. and Ba are zero for even values 
of n. Thus the waveform shown in 
Fig. 3 contains only odd harmonics 
whose amplitudes may be computed 





Fig. 2. eeyenes ee of waveform in| 
ig. 





Fig. 3. 


Typical symmetrical waveform 


denoted by k, then all possible varia- 
tions of the waveshape in question 
may be investigated by giving values 
between 0 and 1. The coefficients in 
respect of the odd harmonics then 
become: 
A 
A= 22 -h) 


ne 





2A 
B. = ae qi = k) 
nu 
The values of Ax and Ba up to and 
including the 15th harmonic are 
shown in Table 1. 
amplitudes H. of the expansion’ 
y = f(x) = Ho + Hicos(ax +1) 
+ Hecos(2a + o:) +... 
. « « Hacos(nx + $n) 
may be calculated from the relation 


H. = VAw + B,’ 
and the phase angles ¢: from 
Bu 
An 


The values of these are set out in 
Table 2. Hn and ¢: are shown 
graphically in Figs. 4 and 5. 

It is important to know how closely 
a Fourier series consisting of a 


tan *) "Da = a 
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TABLE | 
An and Bn Coefficients as Fractions of Peak Amplitude A 
Ve 0 0.1 0.2 03 | 04 0.5 0.6 -— | -— + a |}. 
A, 4052 .3647 3242 2836 | = .2431 2026 1621 1216 .0810 .0405 .0000 
3 6366 .7003 7639 8276 8912 9549 1.0186 1.0822 | 1.1459 | 12095 1.2732 
A, .0450 .0405 0360 .0315 .0270 .0225 .0180 .0135 0090 | .0045 .0000 
B. 2122 2334 2546 2759 2971 13183 13395 3607 3820 | .4032 4244 
A 0162 0146 0129 0113 .0097 0081 | = .0064 0049 0032 0016 .0000 
B. 11273 1401 1528 1655 1782 1910 | ~~ 2037 2164 2292 2419 2546 
A, .0082 .0074 0066 .0058 .0048 .0041 .0033 .0025 0016 .0008 .0000 
B, 0909 1008 1091 1182 11273 1364 1455 11546 1637 1728 1819 
4 .0050 .0045 .0040 0035 .0030 0025 .0020 0015 0010 .0005 .0000 
B. :0707 0778 0849 0919 .0990 1061 1132 1202 1273 "1344 1415 
a 0033 .0030 .0027 0023 .0020 0017 0013 .0010 0006 .0003 .0000 
B,, 0579 .0636 .0694 10752 .0810 10863 .0926 .0984 1042 1099 “1157 
As 0024 0022 0019 .0017 .0014 .0012 .0010 0007 .0005 0002 0000 
B., 0490 .0538 .0587 .0637 0686 0735 0784 0833 088 | 0930 0979 
A, 0018 0016 0014 .0012 0011 .0009 .0007 0005 .0003 .0002 .0000 
B. 10424 0467 .0509 (0552 10594 10636 (0679 0721 10764 0806 10849 
TABLE 1! 
Phase Angles ¢n and Harmonic Amplitudes Hn(shown as Fractions of Peak Amplitude A) 
0 0.1 0.2 0.3 0.4 05 | 06 0.7 0.8 09 | 10 
H, 7548 7896 8298 8748 9237 9761 1.031 1.088 1.149 | 12 | (4.273 
thy —57.3° —62.5° —67.0° —71.0° -75.1° —78.0° —80.9 | —83.4° —86.0 —88.1° | —90.0 
4 2169 2369 2571 2777 2984 3189 | 3400 | 3610 3621 | «94032 «| ~S.4244 
co —78.0° —80.2° 82.0" | —83.5° —84.8° —86.0° | -87.0° | 87.9: —- | = | =90,0° 
H, 1283 1409 1534 | 1659 1784 1912 | 2037 | 2164 2292 | 2419 | 2546 
4 —82.7° —84.1° —85.1° |* —86.1° _ _ — — —- | — | 90° 
| | | j 
H, 0912 1002 1093 | 1183 1274 1365 | 1456 1546 1637, | 1723 | ~~ 1819 
db: — 84.9 _ _ _ _ _ | _ ~ _ _- —90.0° 
H, 0709 .0779 .0850 .0920 .0990 oer | 432 .1202 1273 13440 | 1415 
dy —86.1° — eats ns a pe = za —|— | — | 90.0 
| 
H,, .0580 .0637 0695 0753 0810 «=| «0868 «S| S926 0984 1042 1099 1157 
4 ‘ — 86.8" - -_ — —_ | — | om a am oo —90.0° 
H, 0491 | = «.0538 «| = .0587 .0637 0686 0735 | 0784 | .0833. | —.0881 0930 | .0979 
ds 72 | — | = i = se ae a a ae = —90.0° 
| | | | 
His | 0424 «| «0.0467, | ~=—.0509 | ~— 0552 0594 0636 | .0679 0721 0764 | .0806 0849 
bis ee ee Ss _ = = ae a — | — —90.0° 
ihn = | as —_—_—___—_| — ners ial — . — —— | —______ 
rms. whole | .5773 |  .6083 | 6429 | .6807 7211 7637 8088 8544 9018 |  .9504 1.0000 
wave | | | | 
rms. to 15th 5718 | 6019 | 6357 | 6728 7123 | 7543 | «7981 8431 | .8903 | .9387 | .9870 
harmonic | | | | 
limited number of terms represents and since in the case in question Figures showing a comparison of 
the original waveform. Synthesis of the r.m.s. value of the whole wave 
a curve from the limited series for ‘ i--k up to and including the 15th har- 
the purpose of comparison is always f(x) = k+ T (7a re — shown at the foot of 
able 2. 


a tedius process and a better method 
is to compare the r.m.s. value of the 
original waveform with the effective 
r.m.s. value of the limited series. 
Since the latter consists of a constant 
and a number of sinusoidal terms, its 
mean square value may be readily 
shown to be: 

yo = HH.’ +3(HY +H? ee te H.’) 

The mean square of the original 
wave is defined as: 


“| 3 a 
¥ . s f(a)dax 


between O and 


with a negative 


7, and is repeated 
sign between 7 and 


27, it is evident that 


A’S ait 
= gl ht + FD 


| 
& 
~— 
eee 


] dx 


It is apparent from these computa- 
tions that modification of stan- 
dard waveshape, in the manner con- 
sidered, has a greater effect on the 
lower order harmonics than the 
higher, and that the amplitudes of 
the latter gradually approach values 


one Ct? 
n 


(odd harmonics only). 

Similarly, the phase angle ¢: ap- 
proaches more and more closely to 
—90° as the order of the harmonic 
increases. 
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Hermetically 


By M. C. JONES, A.M.1.E.E.* 


URING recent years it has be- 

come increasingly important to 
design electronic equipment cap- 
able of withstanding any known 
climatic condition. ‘This has been 
due to the fact that standard equip- 
ment may often be required to work 
in any part of the world without 
modification, and the degree of suc- 
cess of that equipment in compari- 
son with others can often only be 
judged by its reliability. To 
increase our foreign trade, com- 
ponents must be developed which 
will not break down under condi- 
tions of temperature and humidity 
unknown in this country. In tropi- 
cal climates the relative humidity 
of the atmosphere is normally well 
over 80 per cent with day tempera- 
tures of approximately 35-45° C., 
falling to about 20-25° C. at night, 
with a consequent increase in R.H. 
to the point of saturation. In 
arctic climates the night tempera- 
ture is often —30° C. and in air- 
craft flying at 40,000 ft. tempera- 
tures lower than —40° C. have been 
recorded. At the other end of the 
scale, temperatures in dry hot 
climates approach +50° C. These 
conditions are very exacting for 
delicate equipment, and it has been 
established that the worst of them 
is moisture. 

In order to ascertain the reli- 
ability of components in equip- 
ments, an inter-service test schedule 
has been drawn up in which equip- 
ments are subjected to temperatures 
varying betwen —40° C. and +71° 
C. and up to +60° C. at a relative 
humidity of 95 per cent. To pass 
this schedule, equipments must not 
only be able to withstand the simu- 
lated climatic conditions, but they 
must operate satisfactorily at full 
load for varying periods, the time 
depending on the ambient tempera- 
ture. 





* Gardners Radio Ltd. 
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An Hermetically 

Sealed Transformer 

for sub-c,hassis 
wiring. 


“open”’ 
transformer was subjected to such 
tests, it was soon apparent that 
some modification or re-design was 
essential, to prevent the ingress of 
moisture into the windings, as it 


When the normal type of 


was this that caused continual 


breakdown. 


Effects of Moisture on Open Trans- 

formers 

An open power _ transformer, 
being a component which dissipates 
heat, ‘‘ breathes ”’ the surrounding 
air. This ‘‘ breathing” action 
takes place during warming-up and 
cooling down, when the surrounding 
air is being alternately sucked in 
and expelled from the windings. If 
this surrounding air is moist, and 
it always is, to a greater or lesser 
extent, the reliability of the trans- 
former is impaired in two ways, 
both actions being simultaneous. 
Firstly, the resistance of the inter- 
winding insulation is lowered to a 
point where it is insufficient, caus- 
ing voltage breakdown between 
windings; and_ secondly, water 
soluble salts set up _ electrolytic 
action which attacks the copper 
wire. Both these effects are 
accelerated at elevated tempera- 
tures, but the climatic conditions 
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need not be very severe for either 
to be fatal. 

Some appreciable increase in life 
can be obtained by protecting the 
insulating materials by vacuum 
impregnating the whole bobbin with 
thermo-setting varnish and retard- 
ing the ingress of moisture by dip- 
ping the complete assembly in a 
bituminous compound. This pro- 
cess gives a marked increase in life 
for a small extra cost, but since 
moisture is capable of penetrating 
the bitumen in time, it is not suffi- 
cient to give 100 per cent reliability 
under extreme climatic conditions. 
The only successful method is to 
enclose the transformer completely 
with materials which have a zero 
moisture diffusion coefficient. 


General Requirements of the Her- 
metically Sealed Transformer 


One of the most important factors 
today in the design of electronic 
equipment is weight. Every com- 
ponent must be as small and as light 
as possible, and unfortunately, this 
is jn direct contradiction to her- 
metic sealing, as the power / weight 
ratio must inevitably decrease. 
Every consideration must be given, 
therefore, in the design, to keep the 
weight at a minimum. The con- 
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tainer must, of course, be of robust 
construction, for if it is punctured 
it will probably be less reliable than 
its normal open counterpart. 
Several methods of hermetic seal- 
ing have been tried with varying 
degrees of success, but the one 
which proved most reliable, was 
by supporting the _ transformer 
assembly in an iron container partly 
filled with oil. This method had the 
great advantage that it did not 
entail the introduction of new types 
of equipment and machinery. Iron 
was chosen as being an easy metal 
to sclder, and if hot tin is dipped 
after being cut, bent and pressed 
to shape, the metal is protected from 
the elements. Additionally, iron is 
lighter than copper or brass and to 
some extent acts as a magnetic 
screen, The container is only partly 
filled with oil to reduce weight, as 
well as to relieve excess pressure 
when the transformer is warm. 


Design 


The limiting factor in the elec- 
trical design is temperature. The 
insulating materials in everyday 
use normally withstand, when 
varnish impregnated, a _ tempera- 
ture of + 100 to 110° C, for several 
years, and since the transformer is 
required to work in an ambient tem- 
perature of +71° C. the maximum 
permissible temperature rise for the 
windings is limited to 39° C. or 
preferably only 29° C. For practi- 
cal purposes, a safe limit is 35° C. 
The temperature rise for open, type 
transformers is limited to 40° C., 
but as hermetic sealing greatly 
reduces the radiation area, both! the 
iron and copper losses must be re- 
duced from those usually employed 
to avoid excessive temperature rise. 
The amount of de-rating of the flux 
and current densities is dependent 
on the cooling area and the design 
of the container, as well as the 
operating frequency and the core 
material. 

The mechanical design is the most 
important factor in hermetic seal- 
ing, as if there is the slightest leak 
in the container the whole object 
of enclosing the transformer jis lost. 
It may be first thought that a metal 
container of simple design would be 
suitable, but since the internal tem- 
perature may reach +110° C. the 
filling medium, whether it be solid, 
liquid, or gas, wiil expand, causing 
high mechanical stress. Provision 
must therefore be made to cope 
with this expansion by either 
making the container of adequate 
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Fig. |. Lid and body assembly 
Solder . Lid 
Chhikkd 
dd > stake 
a 0 ‘nner Lid 
Fig. 2. Improved type of lid and body 
assembly 
Meta! Spigot 
Lid of 
Container 
Bush of PTFE. 
Fig. 3. P.T.F.E. bush 


mechanical strength or arranging 
for the internal volume to increase 
by means of bellows fitted either 


internally or ar igiocne If the 
second method is employed, then 
space must be sacrificed in the 


equipment to allow for the expan- 
sion of the bellows, and as this is 
highly undesirable, it is better to 
use the first method. In order to 
keep the temperature rise of the 
windings to a minimum, the con- 
tainer must be filled, or partly 
filled, with a medium which has a 
higher thermal conductivity than 
air, and for this purpose trans- 
former oil is used. Other media, 
such as petroleum jelly, bitumen or 
nitrogen could be used, but the in- 
crease in thermal conductivity 
which would be obtained is not 
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sufficient to warrant their use, in 
view of the difficulties which would 
be encountered in injecting these 
media into the container. Further- 
more, the characteristics of trans- 
former oil are well known through 
its almost universal use in larger 
transformers. Fluids, however, are 
virtually incompressible, and since 
transformer oil has rather a large 
coefficient of expansion, an air 
space, which can be compressed, 
must be left in the container. The 
amount of oil to be used is calcu- 
lated so that at the test tempera- 
ture of +110° C. the internal pres- 
sure is approximately 12 !b./sq. in. 
This figure has been found to be the 
best compromise between the limita- 
tion of temperature rise of the 
windings on the one hand, and the 
ease of manufacture of the con- 
tainer on the other. The test pres- 
sure normally used is twice the 
maximum working internal pres- 
sure so that the container must be 
designed to continuously withstand 
varying pressures from less than 
zero to +24 lb./sq. in. 

The strongest mechanical shape is 
spherical, but this is impractical, 
owing to the shape of standard 
laminations, the difficulty of fixing 
the transformer in the container 
and of supporting it in the chassis 
of the equipment. The next 
strongest shape is cylindrical, but 
here again, unless annular lamina- 
tions or “CC” type cores end 
toroidal windings are used, the 
space occupied by such a design 
would be uneconomical, and so the 
container has to be cubical. 

For ease of assembly it has been 
found best to manufacture the con- 
tainer in three parts—body, base 
and lid, which are subsequently 
soldered together. The body is 
fabricated from one sheet strip and 
joined with a double rolled vertical 
seam so that the inside of the body 
so formed is finished flush, the extra 
thickness of the seam being on the 
outside. The lid and base are 
identical and made with rounded 
corners and flanged by means of a 
press tool. This seamless construc- 
tion avoids the possibility of leaks 
occurring at the corners. These 
pressings are made so that the 
flanges are a good fit on the outside 
of the body. It was found that it 
was absolutely essential to reinforce 
the joints between the body and the 
lid, and also between the body and 
the base, as without additional sup- 
port these lap seams _ fractured 
under pressure test. These press- 
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ings were accordingly first made, as 
shown in Fig. 1, which was entirely 
satisfactory, but as the moisture 
condensed, a lake formed in the re- 
cess of the lid lowering the leakage 
path of the bushes. The design was 
therefore modified, and a secondary 
inner lid and base provided to give 
the required support as shown in 
Fig. 2. The edge of the body still 
fitted into a channel all round and 
the lake disappeared as the outside 
surface was now flat. A container 
with a volume of 100 cu. in. made 
in this manner with a 22 B.W.G. 
body and 20 B.W.G. end caps has 
successfully withstood a test pres- 
sure of 50 lb./sq. in. without leak- 
ing, even though the body became 
somewhat distorted. 


Winding Terminations 


The weakest link in the sealing is 
the insulating bush for leading out 
the winding terminations, as the 
choice of material at the present 
time is either ceramic or glass, both 
being rather fragile. The ceramic 
bushes have either silver or plati- 
num deposited on them in suitable 
places for them to be soldered in 
position, but as at soldering tem- 
peratures the tin of the solder tends 
to dissolve silver and to a lesser 
extent the thinner deposit of 
platinum, it is difficult, although 
not impossible, to ensure a perfect 
air and oil tight joint with even the 
most skilled of workmen. The other 
type of bush—the Kovar/Glass seal 
—has been found to give more reli- 
able performance, as it has a wider 
flange for soldering to the container 
lid and the flange does not suffer 
from being partly dissolved during 
soldering. Care must, however, be 
exercised as the glass will fracture 
if subjected to too great a thermal 
shock, and it has been found profit- 
able to pre-heat the seals before 
soldering. Until recently the use of 
Kovar/Glass seals has been some- 
what restricted due to their being 
manufactured in only two sizes, the 
larger one being suitable for only 
1 KV working, but new sizes are 
now available extending the range 
to 5 KV working. 

Two new types of seals will 
shortly be available, one of which 
is made from an entirely new 
material, polytetrafluorethylene 
(P.T.F. E. ), the other is ceramic 
which, from external appearance, 
resembles the Kovar/Glass type 
with ceramic replacing glass. The 
use of P.T.F.E. for the insulating 
bush is a completely new departure 
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Fig. 4. An _ assort- 
ment of available 
sealing bushes. The 
new P.T.F.E. bushes 
are shown in_ the 
bottom right-hand 
corner 
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as the sealing does not depend on 
soldered joints. Sealing is effecteu 
by forcing in an oversize metal 
spigot through the central longi- 
tudinal hole distorting the bush to 
grip firmly the smooth sides of the 
hole in the panel. The finished 
shape of the bush is as shown in 
Fig. 3. 

Insufficient time has elapsed since 
the introduction of both these new 
bushes for exhaustive tests to be 
made, but from preliminary results, 


both types show advantages, in 
some respects, over previous 
designs. 


Fig. 4 shows an assortment of 
seals which are available; those on 
the left being the silvered and 
platinised ceramics, Kovar/Glass 
in the centre, with the new type 
ceramic and P.T.F.E. on the right. 


Assembling the Transformer 


The transformer may be mounted 
in the container with either the 
laminations at right angles to the 
plane of the base or parallel with it. 
The latter method has many advan- 
tages over the former, the most 
important being that some attempt 
can be made at standardisation of 
sizes for containers for given rat- 
ings. If the I.S.C.C. preferred 
schedule of laminations is used, it is 
possible to cover a very wide range 
of VA ratings with only ten different 
sizes of laminations, and therefore 
only ten different base areas are 
required for this wide range. The 
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height of the container only varies 
with change in thickness of lamina- 
tion stack. Furthermore, the fixing 
centres can conveniently be made 
the same as those of the four corner 
bolt holes in the standard ‘‘ T ”’ and 
“*U ” laminations and can be jigged 
accurately. If the laminations are 
mounted on right angles to the 
plane of the base, the same range 
of VA ratings would require about 
30 different base areas and fixing 
centre dimensions, if each individual 
rating within the range was de- 
signed for maximum efficiency and 
economy of space. In addition, the 
cost of manufacture would be 
greater, as three times the number 
of press tools for forming the bases 
and lids would be required. 

The first operation in_ the 
assembly is the soldering of the 
bushes and filter plug into the lid, 
and this may be accomplished by 
means of R.F. heating or by 
‘floating ’’ this lid in a bath of 
palm oil maintained at a tempera- 
ture of about 250° C. Palm oil, 
however, gives off sickly fumes at 
this temperature, which require 
special extraction. 

The laminations and bobbin are 
supported rigidly from both ends of 
the container by four brass pillars 
on each side of the lamination 
stack, the lid and its associated 
inner lid being first fixed to the 
upper sets of pillars and the leads 
from the winding soldered to the 
spigots of the appropriate insulat- 
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ing bushes. In order to provide for 
maximum heat conduction from the 
core, pads of copper foil, insulated 
from the lamination by glass tape, 
are clamped under the frames and 
positioned so that they fill the space 
between the body and the core in 
all four sides. The body of the con- 
tainer is slipped over the assembly, 
the upper edge fitting into the slot 
between the inner and outer lids. 
The container assembly is com- 
pleted by fitting the inner and outer 
bases, four screws fixing them to 
the four lower brass pillars. A cross 
section of a typical assembly is 
shown in Fig. 6. Sealing of the ccn- 
tainer is effected by soldering all 
seams and screw heads. The con- 
tainer is pressure tested by inflating 
it to 24 lb./sq. in. and immersing 
it in water. Any pin holes will be 
evident by a stream of air bubbles, 
but inflation of the container should 
be carried out at least three timés 
to ensure that there is not the 
slightest leak. Before filling with 
the correct amount of any trans- 
former oil and sealing over the filer 
plug, the whole unit is first dried 
under a vacuum (0.2 in. of mercury) 
for four hours. After sealing, the 
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Fig. 5. Cross-section of hermetically sealed 


transformer 


transfurmer is heated to a tempera- 
ture ot +110° C, for a period of four 
hours, and then _ subjected to 
scrutiny under ultra violet light for 
traces of oil which might have 
leaked through small pin _ holes 
caused by sealing over the filler 


plug. 
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Future Development 

Every designer of electronic 
equipment tries to keep his equip- 
ment as small as possible, and in 
consequence of this, transformer 
manufacturers are constantly being 
asked to reduce size and weight. 
This can only be accomplished at 
the moment by using some of the 
newer grain oriented magnetic 
materials for the core, and toroidal 
winding. The gain, however, is so 
small at 50 cycles as to be un- 
economical, but considerable space 
and weight can be saved at the 
higher power frequencies. The 
real limitation to size is undoubtedly 
the present limitation of tempera- 
ture rise. The development of high 
temperature insulating materials, 
such as silicones, which will with- 
stand temperatures of approxi- 
mately 180-200° C. without deterio- 
ration, would greatly influence the 
dimensions and weight of hermeti- 
cally sealed transformers. 

The author is indebted to Gard- 
ners Radio, Ltd., for permission to 
publish the text and photographs. 
Patents are pending in regard to 
certain methods of manufacture 
described. 





Micro-Wave Radio Link for 
Television Outside Broadcasts 


B.B.C. engineers in collaboration with 
British manufacturers are actively en- 
gaged on the exploitation of lightweight 
outside broadcast equipment. The aim 
is to extend the scope of these opera- 
tions and to increase the sneed with 
which the equipment can be set up so 
that events of exceptional topical 
interest can be televised. In particular 
an improved radio-link has been de- 
veloped to transmit televisicn pictures 
from the cameras to Alexandra Palace 
for broadcasting in the normal service. 

This equipment, which works on the 
extremely short wavelength of 43 centi- 
metres, is now being tested, and excep- 
tionally clear pictures free from all 
interference are at present being re- 
ceived over a distance of seven miles. 
There seems to be no reason why 
equally good results should not be pos- 
sible at ranges of 20 miles, or even 
further by covering the distance in two 
or more stages, 

At these extremely short wavelengths 
the paraboloid aerial can be made to 
concentrate the radio waves into a very 
narrow beam. The transmitting and 
receiving apparatus is light and easy to 
carry, and thus marks an important 
advance from the apparatus developed 
for this purpose before the war, which 
filled two large motor lorries. 


June Meetings 


The Television Society 
Midlands Centre 


Date: June 1. Time: 7 p.m, 

Held at: Chamber of Commerce, New 
Street, Birmingham. 

Lecture: ‘‘ The v.H.F. Link.”’ 

By: A. H. Mumford, G.P.O. 


The Institution of Electronics 
Midlands Branch 


Date: June 15. Time: 7 p.m, 

Held at: Chamber of Commerce, New 
Street, Birmingham. 

Lecture: ‘“‘ Electronic Equipment in 
Biological Research.” 

By: G. Parr. M.I.E.E. 


The Radar Association 
London Branch 


Date: June 7. Time: 7 p.m, 

Held at: Albert Tavern, Victoria 
Street, London. 

Monthly meeting. 


The Institution of Electrical Engineers 
Radio Section 


Cancellation of Summer Visit 
The Committee of the Radio Section 
regret that circumstances have arisen 
which make it impracticable to arrange 
the Summer Visit announced in the 
April issue of the Journal, 


New Lens for Television 


A further step in the development of 
television outside-broadcast equipment 
was taken in the arrangements for 
televising the Cup Final at Wembley 
recently. On this occasion one of the 
cameras was fitted with a device known 
as ‘Zoom Lens.’”’ This lens enables 
the camera to choose any part of the 
scene and then gradually magnify it 
until a close-up view is Fare y The 
effect is just as if the camera were 
moving towards this part of the scene, 
making it grow larger and larger until 
it fills the whole screen. Focusing 
is automatically and _ continually 
corrected. 


This particular lens is a _ wholly 
British development. Its inventor is 
Dr. H. Hopkins, B.Se., Ph.D., 
F.Inst.P., who is optical consultant to 
the B.B.C. Engineering Division and 
also to the makers, Messrs, W. Watson 
and Sons, of Barnet. 


Zoom lenses have been made before 
and used both here and in the United 
States in film production and also in 
American television. The new British 
lens, however, works on an entirely 
different principle and is by contrast 
much lighter and more optically effi- 
cient. It will undoubtedly be a valu- 
able acquisition to the B.B.C.’s mobile 
television equipment. 
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Made in America 


Being a selection of American electronic equipment 
and products, with notes compiled from the manu- 
facturers’ data. 


Tensile Strength Testing 


2 eo New Instron tensile testing instrument is de- 
signed te measure accurately the load elongation 
properties of textile fibres, plastic films, laminates, 
rubber, paper, rope and adhesives. Tensile ranges 
from 10 grammes to 1,000 pounds are provided in 
twenty steps, and the speed of separation of the 
testing jaws can be varied from 0.02 to 20 in. per 
minute, in twelve steps. The elongation of the sample 
under test is recorded graphically on a moving chart, 
so that the resulting trace is a load-elongation curve 
for the material, at a constant rate of elongation. 
The standard chart speeds are also variable, from 
0.2 to 50 in. per minute, in ten steps. 

The instrument utilises an electronic weighing 
system based on the electric strain gauge principle 
for detecting and recording the lcad applied to the 
sample under test. The pulling jaw is operated by 
an unusual drive that provides a controlled rate of 
elongation of the sample, over a wide range of speeds, 
in either direction of travel, and with instant reversi- 
bility. The chart of the high speed recorder is driven 
at various speed ratios with respect to this jaw, so 
that tensile load-elongation curves of the material are 
made accurately at constant rate of elongation, 

Instron Engineering Corporation, 
Hancock Street, 


Quiney 71, 
Massachusetts, 


New Chemical Soldering Iron 


EQUIRING no electric current or externa] heat 
of any kind, a new type of soldering iron utilises 
a chemical cartridge that heats the iron to workinz 
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temperature in 5 seconds and maintains heat for 6 
to 8 minutes, depending on the type of work done. 
The cartridge, which is about the size of a small 
flashlight battery, contains a primer and is ignited 
in a manner similar to that of firing a bullet. 

After the cartridge has been placed in the copper 
tip of the iron it is set off by the impact of a spring 
rod which is pulled out and released at the back of 
the handle. The pointed end of the rod strikes the 
primer that generates the heating action, which is 
created by the chemical mixture of metal powders 
similar to magnesium and an oxidising agent. 

The heat developed is about 250 watts peak, hence 
the iron can be used on heavy as well as light 
soldering jobs. A new cartridge is required each time 


the iron is used. 
The Kemode Manufacturing Co. 
161 West 18th St., New York. 


R.C.A. Television Components for 
Kinescope RCA-I6AP4 (Form CTV-1004). 


.C.A, booklet Form CAV-1004 provides technical 
data, including characteristics and dimensional 
outlines for 18 RCA television components for use in 
receiver designs employing the new 16-in. metal-cone 
cathode-ray tube RCA-16AP4. In addition, the booklet 
contains typical deflexion circuits and associated cir- 
cuit of a pulse-operated, high-voltage supply. Obtain- 
able from: 
Commercial Engineering, 
R.C.A Tube Department, 
Harrison, N.J. 
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Radio Telemetering 
(Continued. from page 211) 


the carrier so that the peak to mean 
ratio of the R.F. output is about 
three to one. Such a system is very 
flexible and can be designed to 
handle up to about 50 channels. The 
simplest possible arrangements will 
give overall accuracies of around 
10 per cent, but with some increase 
in complexity up to about 23 per 
cent is possible. 

Either brush or cam _ operated 
switch commutators seem to be the 
simplest and most suitable if their 
sampling rates are high enough and 
if the voltage levels to be measured 
are of about one tenth volt or 
greater. For higher sampling rates 
or for the sampling of lower level 
signals, the electrostatic or electro- 
magnetic field commutators seem to 
be the most promising if their 
successful development is possible. 


In conclusion it should be stated 
that the considerations and opinions 
presented are the result of study of 
published and unpublished reports 
on the subject, and of conversations 
with the designers and users of tele- 
metering equipment. 


Acknowledgment is made to the 
Chief Scientist, Ministry of Supply, 
for permission to publish this paper. 
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Multiple Component Units 
(Continued from page 199) 























, Fig. 3. Multiple component using mica 
capacitors 
+ 
RI 
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Fig. 4. Inter-valve and grid-filter coupling 
circuit 
resistance to moisture. The flat 
form of unit is moulded in a 


special resin which provides great 
mechanical rigidity for holding the 
separate elements and the terminal 
wires firmly in place. This mould- 
ing is not damaged by accidental 
contact with a soldering iron, as is 
the wax coating, while in addition 
it is unaffected by low temperatures 
down to -—40° C., a temperature 
that often causes wax coatings to 
crack and flake off. 

The cylindrical form, from its con- 
struction with ceramic elements, 
provides its own rigidity and so does 
not require the moulding for that 
reason. 

A combined inter-valve coupling 
and grid-filter is sketched in Fig. 4 
as a typical example of another 
form of network. This unit can be 
made in cylindrical form about $ in. 
diameter by 14 in. long with four 
projecting terminal wires for join- 
ing respectively to the u.1T., Anode, 
Cathode (or Earth) and the Control 
grid of the succeeding stage. These 
four wires replace the ten con- 
nexions that would otherwise be re- 
quired—and_ provide an _ obvious 
substantial saving to the apparatus 
assembler. 
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Television Time Base Linearisation 
(Continued from page 211) 


apply the method which involves 
merely the connexion of a variable 
R across the entire deflector coil. 
As R is varied it changes the coil 
current waveform in the manner 
illustrated by Fig. 2(a) and is set at 
the point where the curvature 
changes from upwards to down- 
wards. This simpler method is often 
used in commercial practice since an 
R across the coil is needed for fly- 
back damping. With careful design 
R can be set for optimum linearity 
without producing unsuitable damp- 
ing; this difficulty does not arise 
when the damping is switched in by 
a diode operated by the flyback 
pulse, 

This article is based on an un- 
published analytical report, on 
‘‘The Integration Method of Line- 
arising Exponential Waveforms ”’ 
and is published by kind permission 
of Sobell Industries, Ltd. 


Appendix 
The slope of the exponential 
charging curve A of Fig. 1(b) is 
given by 
aC cee 
at 1 — exp( t/CR)}E 
= (CR)-'exp(=t/CR) E 
= (CR)-"E at t= o....... (1) 
The equation to the straight line 
B is therefore 
fo) oat - rs (2) 
The expression for the correction 
curve C is obtained by subtracting 
from (2) the expression for curve 
A (Va); thus 
Co = —Va + Va = 
{-—1 + exp(—t/CR)+ (CR)-"t} E 
Using exn ( —t/CR) = 
1—(t/CR) + (€/CR2!)- 
(U/ CRS!) > 06s 
this reduces readily to Ve = 
(CR)-"/{1 — exp(-t/CR)}dt 
= (CR)-'{Vadt 


i.e., correcting voltage is propor- 
tional to the integral of the exponen- 
tial curve. 
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Grass Drying Equipment 
(Photo above) 


N important application of High 

Frequency Heating was seen in this 
novel experimental demonstration. By 
means of the E.M.I. High Frequency Heater 
model DH35 and the ancillary equipment 
{produced by the Aldersley Engineering 
Co., Ltd. of Wolverhampton) grass is 
specially treated, dried and produced in a 
form most suitable for livestock con- 
sumption. The use of dielectric heating 
ensures that the full nutritive value of the 
grass is maintained, it being considerably 
higher in protein and carotin content than 
grass treated by any other process. 


E.M.1. Factories, Ltd., 
Hayes, Middlesex. 


Industrial Valves 


Pe tng the range of electronic flash 
tubes exhibited by Mullard Electronic 
Products, Ltd., were the LSD3 (illustrated 
right), which has proved most suitable for 
lightweight portable flash equipment; the 
LSD2 microsecond flash tube for ultra high- 
speed photography; a new 1,000-joule tube 
specially designed for stage and film 
photography; and the LSD8 tube for 
stroboscopic use. 

Mullard Electronic Products, Ltd., 


Century House, Shaftesbury Avenue, 
London, W.C.2, 


Hectronic Engineering 


Marconi Industrial Instruments 


pH Meter (Direct Reading) TF889: Portable, 
direct reading, battery operated indicator 
covering the range | to II pH. 

pH Meter TFSIID: Battery electrometer 
for the precise laboratory measurement of 
pH. and other mV potentials developed by 
electro-chemical action. 

Moisture Meter TF933 : A_ portable 
instrument designed for the rapid and 
accurate estimation of the moisture content 
of a wide range of hygroscopic substances— 
particularly cereals and tobacco. 

Moisture-in-Timber Meter TF874 : For the 
determination of moisture content in timber 
and synthetic boards. 

Conductance Meter TF721B : A portable, 
self-contained battery instrument calibrated 
in megohms, and covering the range equiva- 
lent toa resistance of | megohm to | million 
megohms without the use of external 
batteries. 

Varistrobe TF906: A mains-operated 
stroboscope for the observation of rotating, 
reciprocating or vibrating mechanisms. 

Thickness Meter TF884 : A non-destructive 
method of determining the thickness of 
plating or paint deposits on a ferrous base. 

Electronic Counter TF922 : For counting 
a million periodic or random impulses at 
rates up to a hundred thousand per second, 
or for the measurement of time intervals up 
to ten seconds in steps of 10 micro-seconds. 
Quantities or time intervals are displayed as 
illuminated numbers on a six-decade scale. 

Conductivity Recorder TF863: in conjunc- 
tion with a suitable conductivity cell of 
known constant (available as an accessory) 
the instrument determines and records elec- 
trolytic conductivity. It has a coverage of 
0-1 millimho, which is obtainable over a 
variety of ranges. 


Marconi Instruments, Ltd., 
St. Albans, Herts. 


Westalite Rectifiers 


Ts principal exhibit on the stand of the 
Westinghouse Brake & Signal Co. 
showed a new method of automatic constant 
current density control for electroplating 
power supply, using Westalite rectifiers. 
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ELECTRONIC 
at the 


This system automatically maintains the 
current density at the surface of the work 
constant, regardless of the area of the work 
in the vat. 

Typical applications of Westalite rectifiers 
to industry were working exhibits of a 
magnetic separator, a vibrating screen and 
an automatic weighing machine, all operated 
from A.C. supplies through rectifiers. 

A new method for the prevention of 
corrosion of buried pipe lines was also 
demonstrated. A_ rectifier has been 
developed for this work, using magnetic 
amplifier control to provide a constant 
output current irrespective of the earth 
resistance. The earth current is readily 
adjustable to any desired value depending 
on local conditions and, once set, is very 
largely unaffected by fluctuations in the 
supply voltage. 

Westinghouse Brake & Signal Co., Ltd., 


82, York Way, King’s Cross, 
London, N.| 


Aircraft Radar 
(Illustrated below) 


‘tines sete and collision warning radar 
equipment recently developed by E. K. 
Cole, Ltd., was among the new electronic 
products exhibited by the Company at this 
year’s B.I.F. This is an X-Band radar 
system designed primarily for the detection 
of cumulo-nimbus clouds, and thus areas of 
severe turbulence associated with such 
clouds. The equipment may also be used 
for detecting high ground in the path of an 
aircraft, and other aircraft in the vicinity. 
It consists of seven units—scanner, trans- 


mitter-receiver, servo amplifier, syn- 
chroniser, indicator, control unit and 
monitoring unit. 

E. K. Cole, Ltd. 


Southend-on-Sea. 
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Airmec Radiation Monitor, Type 102! 
(Photo at foot of page) 


N instrument designed for the detection 

of the presence of radio-active material 
in all substances as a safeguard to human 
life. The instrument is fitted with a beta 
probe also sensitive to gamma rays and a 
separate alpha probe is available if required. 
The instrument converts the pulses from 
the probe unit to rectangular pulses of 
constant amplitude and duration and these 
are then read off the meter which indicates 
the intensity of the presence of radio 


activity. A loudspeaker is also incorporated 


to enable the instrument to be used some 
distance away or under bad lighting con- 
ditions. The finish is in cream enamel with 
chromium handles and speaker escutcheon. 
The probe unit has a perspex handle. 


Airmec Laboratories. Ltd.» 
High Wycombe, Bucks 


Television Cables 


oo types of television downlead 
cables were exhibited on the stand of 
British Insulated Callenders Cables, Ltd.: 
co-axial, screened twin, and unscreened 
twin. 


List reference numbers of the co-axial 
types are: 13020, for use in normal signal 
strength areas; 13022, a similar cable but 
with a stranded inner conductor giving 
greater flexibility; T3026, a low-attenuation 
type cable for areas of low signal strength. 


Screened twin cables are: T3098, with 
copper tape screen and polythene sheath, 





Electronic Engineering 





for normal service areas; 13109, a similar 
cable but with metallised paper and wire 
braid screen and P.V.C. outer sheath. This 
construction gives greater flexibility at the 
expense of greater attenuation. 13100, 
with copper tape screen and polythene 
outer sheath. 


Two types of unscreened lead-in are 
available: T3066, for normal signal strength 
areas; and T3068, which has less attenua- 
tion, for low signal strength areas. 











Characteristics of these cables are 
tabulated below:— 
Attenuation 
. Overall | imped- (db/100 ft.) 
List | Diameter | ance 
No. (Inch) (Ohms) ah 61.75 
Mc/s. | Mc/s. 
T3020 0.23 71 2.8 3.2 
T3022 0.23 71 2.9 3.4 
T3026 0.45 71 1.2 1.4 
T3098 0.23 80 2.6 3.0 
T3109 0.27 80 4.2 49 
T3100 0.63 80 1.0 ie! 
T3066 | 0.10x0.16 80 3.2 3.8 
T3068 | 0.16x0.20 80 2.8 a2 























B.I. Callenders Cables, Ltd.” 
Bical House, Bloomsbury Street, 
London, W.C.1 
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Exide Side-filling Batteries 
(See sketch on left) 


Fe Chloride Electrical Storage Co., Ltd,. 
have designed a new lid for their Exide, 
Ironclad and Exide storage batteries. This 
embodies an inclined filling aperture which 
makes for easier filling and topping-up in 
confined spaces. The filling opening is 
located at one side and inclined outwards to 
facilitate side filling, while the gas vent 
remains centrally situated. As the side- 
filling plug is blind, there is no risk of acid 
splash when the vehicle is cornering. 


Batteries with the normal vertical filling 
opening will continue to be made, and the 
type of battery to be fitted to any vehicle 
can be decided by its location. 

The Chloride Electrical Storage Co., Ltd., 


6-10, Whitfield Street, 
London, W.1. 


Television Accessories 


BRELUNG & LEE, LTD., showed the 
following items of interest to viewers:— 


Television aerial assemblies in three 
individual kits comprising (1) dipole, 
reflector and cross-arm for either London 
or Midland frequencies, (2) mast, and (3) 
lashing harness and chimney brackets. 


*“‘Veerod’’ aerial for reducing inter- 
ference and ‘‘ghost’’ images, for use 
within ten miles of the transmitter. A 
higher signal-to-noise ratio is claimed for 
this aerial over the ‘‘H ’’ type. 


_“* Doorod ’’ aerial for indoor use in high 
signal strength areas where interference is 
not severe. 


A new communual amplifier for use in 
large buildings and blocks of flats to enable 
up to twenty receivers to be fed from one 
aerial. The total power consumption of the 
amplifier is approximately 50 watts. 

Belling and Lee, Ltd.’ 


Cambridge Arterial Road, 
Enfield, Middlesex. 


‘* Kodatron ”’ Speedilamp 
(See left) 


HE ‘‘Kodatron’’ Speedilamp gives a 

brilliant flash of very short duration 
(about 1/5000th second). It is particularly 
suitable for the production of sharp 
‘‘arrested motion ’’ pictures in black-and- 
white or colour. The speediamp consists of 
a flash discharge tube (which, unlike the 
ordinary flash-bulb, can be used over and 
over again) mounted in a wide-beam 
reflector, on an extensible 3-section column 
of chromium-plated steel. The flash tube is 
mounted concentrically round a 100-watt 
modelling lamp, which is switched on, 
before the flash is made, to enable lighting 
arrangements to be __ studied. The 
“*Kodatron ’’ is suitable for all standard 
A.C. voltages and requires no special 
installation. Power consumption (300 watts 
maximum) is a fraction of that of normal 
studio lighting. Maximum height of lamp: 
8 ft.; minimum, 3 ft. 6 in. 


Kodak, Ltd., 
184, Regent Street, London, W.1. 
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Electronic Equipment at the B.I.F. 


Demonstration Oscilloscope 
(See above) 


INEMA-TELEVISION, LTD., exhibited a 

large screen instrument designed for 
demonstration work. A _ I[5-in. tube is 
incorporated, giving a trace 9 in. or more in 
length. This should be visible at the rear 
of the largest lecture theatre. 

The controls are placed at the side of the 
oscilloscope so that they may be adjusted 
without obstruction of the screen, and the 
demonstrator can view the screen from the 
rear through the glass side-panels while 
making adjustments. 

Other advantages are the inclusion of a 
two-channel electronic switch to enable two 
waveforms to be examined together in their 
correct phase relationship, and a suppressed 
fly-back stroke for extra clarity of 


presentation. 
Cinema-Television, Ltd., 
Worsiey Bridge Road, 
London, S.E.26. 


Miniature Paper Capacitors 


A NEW Dubilier development in minia- 
turisation consists of a metallised paper 
capacitor section moulded in a special hard 
resin, giving the maximum mechanical 
rigidity. 

These capacitors are cylindrical in shape 
with wire terminals projecting axially. 

They are extremely small and compact 
and they are impervious to atmospheric 
moisture. They can be operated over the 
wide temperature range of —40°C. to 
+70° C., and they are made in capacitance 
values up to 0.003uF for 350 volt D.C. 
working and over 0.003uF to 0.0IuF at 
150 volt D.C. working. 

Dubilier Condenser Co., 


Victoria Road, North Acton, 
London, W.3. 


— continued 








Metals for Electrical Use 


_ Matthey and Co. have been 
active for many years in the manufacture 
of fine and super-fine wires. Resistance 
wires in nickel-chromium, copper-nickel 
and Minalpha drawn to high standards of 
precision were shown. These are available 
bare, enamelled or silk covered. Thesection 
also embraced, among many other wire 
products, wires and woven gauzes in 
stainless steel for filtration and screening, 
platinum and rhodium-platinum for thermo- 
couple use, fine silver for high rupturing 
capacity fuses and wires plated or clad with 
silver for electronic applications. 

The production of electrical contacts and 
materials was covered by a section which 
included samples of typical products. 
Manufacturing facilities in this branch cover 
contact applications in a range of equipment 
from telephone relays, domestic switches 
and appliances to industrial control gear 
and heavy switchgear. 

Johnson, Matthey and Co., Ltd., 


73-83 Hatton Garden, 
London, E.C.1. 


Magnetic Amplifiers 


S the result of the extensive research on 
magnetic amplification which Elliotts 
have made, standard magnetic amplifier 
units have been evolved, which are suitable 
for a variety of purposes. Examples of 
applications of Elliott magnetic amplifiers 
demonstrated on their stand were the 
photo-electric counter, automatic lighting 
controller for street lighting systems, 
thermo-couple amplifier and a _ servo 

amplifier. 
Elliott ‘Bros. (London), Ltd., 


Century Works, Lewisham, 
London, S.E.13. 


June, 1949 


Messrs. Ferranti, Ltd. 


7 Ferranti electronics section displayed 
a range of stroboscopic lamps argon or 
neon filled (blue or red discharges) and a 
Modified version of the lamp designed for 
use as a pulse tetrode for use in heavy duty 
relay operation. 

Incorporating the NSPI_ stroboscopic 
lamp referred to above, a complete trans- 
portable stroboscopic equipment was 
shown, the Ferranti Synchrolite, which 
can be used for observing reciprocating or 
rotating motion up to 300 c/s. This equip- 
ment has recently been redesigned and a 
novel feature is the easily removable lamp 
housing which permits the lamp itself to be 
used away from the equipment. 

The Ferranti range of cold cathode tubes 
which have a reliable trigger voltage, are 
capable of converting a signal of microwatts 
into a pulse of a few watts. Two types of 
triodes were shown, the K3, neon filled, 
and the K3A, argon filled. 

An addition to the cold cathode range 
was the KD60 stabiliser tube in a new design 
of mounting (cartridge type). This stabiliser 
will give a constant voltage over a range of 
100 microamps up to a maximum of 2.5 mA. 

A range of indirectly heated electrometer 
valves was shown, having a stability of a very 
high order and insulation values of not less 
than 10!° ohms. Mechanical superiority is 
claimed for these valves over existing types. 

Among the new developments of the 
Ferranti Electronics Department was a 
new 1|2-in. cathode ray tube in heat-resisting 
glass having an almost flat face due to a new 
glass manufacturing technique. 

Also being shown for the first time was 
a voltage stabiliser, Type KD60, having a low 
running ee (61.5 volts), and a current 
range of 125 microamps to 2.5 milliamps. 
Regulation at 1.0 to 1.2 milliamps=--0.15 
volts. There was a demonstration of the 
KD60 showing its application as a voltage 
divider. 

Also of interest was a working model of 
the Ferranti Servodyne. This is an electronic 
equipment, intended for use as a controlling 
medium for processes which require 
positive and precise control. The equip- 
ment is in effect a self-balancing servo 
mechanism which will observe an error in 
any of several forms and provide the 
necessary correction via the motor unit 
which supplies the mechanical output 
power of the mechanism. The input to the 
equipment depends upon the particular 
application, it may for example, be the small 
power derived from a photo-electric cell, 
the unbalanced power of a bridge circuit or 
the output of a piezo electric crystal. The 
model of the Servodyne demonstrated was 
intended to illustrate the sensitivity and 
high rate of follow when observing, photo- 
electrically, different coloured lines on 
opaque or transparent backgrounds or the 
edges of materials. In this connexion, the 
equipment has been successfully applied as 
a web guider on slitting machines in the 


paper converting industry, and a cloth = 


guider on pin stenters in the textile 
finishing industry. 

Ferranti, Ltd., 

Hollinwood, Lancashire. 
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Morganite Products 


Potentiometers 


Type Q.—Non-switch, or fitted with S.P. 
or D.P. switch. 


Rating : 0.5 watt when uniformly loaded. 
0.02 watt for each 10 degrees of 
element when used as a variable 
resistor with non-linear grading. 


Range : Linear grading from 500 ohms to 
5 megohms. 
Log grading from 1,000 ohms to 
3 megohms. 


Type A.—This new product is a small-sized 
instrument-quality unit adapted for mass 
production by standardisation. It is designed 
with a die-cast rotor and spindle and double- 
clenched terminals. Is now available in the 
non-switch version and shortly will be 
manufactured with either S.P. or D.P. 
switches, which are further interchangeable 
on the non-switch type. 


Rating : } watt when uniformly loaded. 
0.01 watt for each 10 degrees of 
element when used as a variable 
resistor with non-linear grading. 
Linear grading, 1,000 ohms to 
2 megohms. 

Log, 1,000 ohms to 2 megohms. 


Other Types.—Type H is the sealed tropical 
type and M is the non-tropical version, both 
of 1} watts rating. Type LH, rating } watt, 
is a small sealed potentiometer, approved 
by the Services. Type BJ is a midget 
potentiometer of 1/10 watt rating, panel 
sealed, which can only be supplied in a 
non-switch version. 


Fixed Resistors—Two types have been 
standardised: ‘‘T,’’ 3 watt and ‘‘R,”’ 
| watt, both with axial wires embedded in 
a solid moulded body. These two resistors 
are available from stock in a full range of 
standard values for 20 per cent and 10 per 
cent tolerances, and can also be supplied 
with 5 per cent tolerance in eight weeks 
from receipt of order. 


Grade 7 Resistors—These heavy duty 
resistors are made from homogeneous 
mixtures of conductors and ceramic bonds, 
so that they have a close-grained texture 
and are mechanically and electrically robust. 
Terminations are of the metallised surface 
type for mounting in spring clip holders. 
Power ratings are high and are determined 
by the permissible temperature, which can 
rise to 200 deg. C. for continuous loading. 
These resistors are non-inductive and have 
a high surge capacity which makes them 
suitable for use in high frequency circuits. 


Grade 8 Resistors.—This Company has now 
commenced production on a new resistor 
material known as Grade 8. It is a semi- 
conductor which decreases in resistance 
value with applied potential. It is thus 
suitable for many surge protection applica- 
tions, especially in lightning arrestors and 
switch gear. 


Automobile Ignition Interference Suppression. 
—A range of suitable suppressors for both 


Range : 


, Plug and H.T. lead applications has been 


developed and quick deliveries can be given. 


Morganite Resistors, Ltd., 
Bede Estate, Jarrow, Co. Durham. 
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Londex Relays 


pee new relays were shown by Londex, 
Ltd., a midget A.C. relay, a miniature 
relay and a super-sensitive relay. These 
should find many uses in civil aviation, radar 
equipment, remote control and electronic 
equipment in the industrial field. 

Another recent development is the 
miniature Mercury Switch relay for use 
with thermo-couples and with other 
sensitive circuits. 

Other items displayed were the range of 
Londex Timers, the floatless ‘* Electra- 
level’? equipment and _ photo-electric 
control apparatus for high-speed counting 
and sorting and printing register control 
operations. 

Londex Ltd., 


Anerley Works, 207 Anerley Road, 
London, S.E.20. 


Plessey International, Ltd. 


Press Button Single Record Player 

B hi-y is a single record player for 10-in. or 

12-in. records, operated by press button, 
which automatically places the pick-up on 
the record and starts and stops the turn- 
table. It weighs 44 Ib. and requires a clear- 
ance of only 23 in. below the top of the 
mounting board and 2 in. above. 

Two buttons are incorporated, one for 
10-in. and the other for 12-in. records. 
When either is depressed the pick-up arm is 
lifted over the playing groove of the selected 
record and the turntable is set into motion. 
Upon release of the pressure on the button, 
the pick-up is lowered on to the playing 
groove, the record is played through and 
the turntable stops. 

Automatic Record Changer 
(Illustrated above) 


This represents a breakaway from 


conventional design, being not only smaller, 
lighter and less complex than the usual 
automatic. Its 


types, but completely 


mechanism is almost entirely of pressed 

steel construction, cadmium finished, while 

its system of assembly reduces servicing 

time toa minimum. A cabinet clearance of 

24 in. below and 4 in. above the base plate 

is necessary. Its weight is approximately 
| 


A distinctive feature is the centre spindle 
upon which the records are stacked. This 
resembles the normal spindle but incor- 
porates a tiny collapsible shelf and expand- 
ing ring which operates automatically and 
releases the records as they are required for 
playing or rejection. Eight records, 10-in. 
or 12-in. or 10-in. and 12-in., mixed, can 
be accommodated, and these can be 
repeated or rejected at will by operating 
the pre-selection button. The approximate 
changing time between records is 4 seconds. 

An automatic declutching device is fitted 
which prevents damage to the mechanism 
should the pick-up arm be mishandled. 


Plessey International, Ltd., 
Ilford, Essex. 


Sound Level Measurement and Analysis 


(Photo below) 

_ type 1400 Sound Level Meter has a 

wide range of technical and industrial 
applications, giving a direct reading in db. 
of noise reaching the non-directional 
crystal microphone. Weighting networks 
are provided to vary the response according 
to application. The type I401AF Analyser 
may be connected to the output of this 
meter to obtain a detailed record of the 
individual component frequencies and their 
relative amplitudes. 

Also in this range of instruments are the 
various adapters and special meters for 
measuring vibration. Direct readings of 
displacement, velocity and acceleration of 
vibrating bodies can be obtained. 

Dawe Instruments, Ltd., 


130, Uxbridge Road, Hanwell, 
London, W.7 
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ELECTRONICS IN THE FACTORY, 
by Prof. H. F. Trewman. 20s. Postage 6d. 

THE RADIO AMATEUR’S HAND- 
BOOK, by A.R.R.L. 15s. 6d. Postage 9d. 

RADIO RECEIVERS AND TRANS- 
MITTERS, by S. W. Amos and F. W. 
Kellaway. 25s. Postage 9d. 

RADIO VALVE DATA. Compiled by 
Wireless World. 3s. 6d. Postage 3d. 
ELECTRONIC MUSICAL INSTRU- 
MENTS, by S. K. Lewer. 3s. 6d. Postage 

2d. ° 


MICROWAVES AND RADAR ELEC. 
TRONICS, by E. C. Pollard and J. M. 
Sturtevant. 30s. Postage 9d. 

THE CATHODE RAY OSCILLOGRAPH 
IN INDUSTRY, by W. Wilson. 18s. 
Postage 7d. 


VADE MECUM, 1948. 2 volumes by P. H. 
Brans. 19s. Postage 6d. 


PRINCIPLES OF RADIO ENGINEER- 
ING, by R. S. Glasgow. 30s. Postage 9d. 

RADIO, TELEVISION AND  ELEC- 
TRICAL REPAIRS, edited by R. C. Norris. 
10s. 6d. Postage 9d. 

VACUUM TUBES, by Kar! R. Spangenberg. 
45s. Postage 9d. 

ULTRA-HIGH FREQUENCY TECH- 
— by Brainerd, etc. 28s. Postage 


We have the finest selection of British and 
American radio books. Complete list on 
application. 


THE MODERN BOOK COMPANY 
19-23, Praed Serest, LONDON, W.2 








THESE ARE IN STOCK——, 


























PITMAN’S 


up-to-date 
technical books 
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Photoelectric Cells 


Industry 


By R. C. Walker, B.Sc.(Lond.). 
A.M.I.Mech.E., A.M.I.E.E. 
A comprehensive treatise on the industrial 
uses of the emission and rectifier types of 
photoelectric cell. | Profusely illustrated. 
517 pages. 40/- net. 


Electronics 


in the Factory 


Edited by Professor H. F. Trewman, 
M.A.(Cantab.), M.I.Mech.E., M.Brit.I.R.E. 


A survey of the numerous applications of 
electronics in modern industry. Illustrated. 


20/- net. 


PITMAN, parkerst., Kingsway, London,W.C.2 
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Microwave Transmission 
Circuits 


By George L. Regan. Pp. 725 + xvii. 
McGraw Hill Publishing Co. Ltd. Price 
5Is. in U.K. 


DETAILED discussion of the func- 

tioning of a microwave radar 
system naturally leads to a separation 
of the main components of the system 
into groups, each group being treated 
as a unit with its own special tech- 
niques and principles, In the very 
detailed treatment undertaken in the 
M.I.T. Radiation Laboratory series on 
radar techniques and principles, each 
particular unit, such as the trans- 
mitter, receiver, or aerial has one or 
more volumes devoted to its descrip- 
tion. 


The practical problems encountered 
in combining those units together to 
make a workable radar set call for the 
design of many additional microwave 
components none of which falls 
naturally into any one of those group- 
ings. For example, waveguide twists 
and bends, coaxial to waveguide trans- 
formers, rotary joints, choke couplings, 
connectors, power dividers and many 
other devices are necessary in a set 
designed for high performance. The 

resent book, vol. 9 of the Radiation 
aboratory series, deals with these 
components and the techniques and 
principles used in their construction. 
It is a long book and there are no less 
than seven contributing authors. 

Following a_ short’ introductory 
chapter there is a long chapter on 
elementary line theo which is 
developed in sufficient ‘detail to pro- 
vide the theoretical background for the 
following chapters. Impedance and 
admittance charts are clearly ex- 
plained. The difficulties associated with 
the application of the impedance con- 
cept to waveguides are not avoided and 
although they are not treated in much 
detail the reader is left in no doubt 
about the nature of the difficulties, and 
references are given to other sources 
where more detailed treatment can be 
found. 


The next chapter is a short but useful 
discussion on the materials and con- 
struction techniques used in the design 
of microwave components. 


Chapter 4 presents a long discussion 
of rigid transmission lines. A wide 
variety of topics is treated. Bead 
supports and stub supports for co- 
axial lines, choke-flange couplings, 
waveguide corners, matching dia- 
phragm and transformers are all treated 
in considerable detail and the extent 
to which these various discontinuities 
can be treated by theory is indicated. 
The effect of fringing fields at dis- 
continuities is emphasised and indica- 
tions are given of the steps necessary 
to reduce the effect to a minimum in 
any practical design. 

The next chapter deals with flexible 
coupling units and lines and contains 
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data on standard American coaxial 
cable and cable connections. A des- 
cription is given of the various types 
of flexible waveguide in use. 

Transition units are described in the 
next chapter. A very full and clear 
discussion is given on broadbanding 
techniques, and in this connection many 
examples are given of the use of im- 
pedance and admittance charts. There 
is a long section on coaxial line to 
waveguide transformers, and of rec- 
tangular to cylindrical waveguide junc- 
tions, pg | with a treatment of mode 
filters in cylindrical waveguides. 


_ The engineering problems met with 
in the design of rotary joints are among 
the most difficult practical problems in 
radar engineering and malady satis- 
factory solutions have yet to be pro- 
duced. Chapter 7 outlines the various 
solutions which have been used _ in 
American radar. The discussion makes 
it obvious that further progress is 
bound up with the development of new 
materials, particularly dielectrics and 
sealing compounds. 


In Chapter 8, which is concerned 
with tuners, power dividers and 
switches, it was surprising to find no 
reference: to the form of directive feed 
so widely used in British radar test 
equipment. In Chapter 2 there is a 
description of an experimental set up 
which contains a directive feed but 
there is no treatment of the theory of 
this device in the text. 

The last two chapters contain a 
valuable discussion of the theory and 
design of microwave filters. The 
treatment is by no means elementary 
and some of those who have specialised 
in microwave techniques may find the 
material difficult, particularly since a 
knowledge of conventional filter theory 
is assumed. Waveguide filters are 
widely used in the design of broadband 
TR cells, but beyond this there have 
been few applications of filter theory 
to microwave techniques. It is likely, 
however, that the future will’see a 
large increase in the applications of 
filter theory and for this reason the 
information contained in these chapters 
is to be welcomed. 

It is likely that the book would have 
been improved if less space had been 
devoted to the description of so many 
standard components, The design prin- 
ciples and techniques would have been 
sufficiently stressed by the description 
of the design procedure for a smaller 
number of components. On the other 
hand the space devoted to filter theory 
could have been made larger and more 
self-contained by including a summary 
of the main theorems of conventional 
filter theory. 
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The binding and printing are of the 
usual excellence associated with all 
volumes of this series. Unfortunately 
there are a fair number of small but 
irritating errors and omissions in 
certain parts of the book. For example, 
in the curves of Fig. 4.24 and Fig. 4.25 
the letters are omitted in the former 
and the numerals in the latter. On 
page 172 confusion is caused by a 
reference in the text to Fig. 4.26 instead 
of to Fig. 4.29. There is a reference 
in one part of the book to a Vol. 81 
of the Radiation Laboratory series. 

The design information contained in 
this volume can only be found elsewhere 
in various American and_ British 
reports. Anyone concerned with the 
design of new microwave components 


would be well repaid by a study of the: 


relevant portions of this book. 
ga ee 


Radio Valve Data 


Characteristics of 1,600 Receiving Valves, 
by the staff of ‘‘ Wireless World.’ Iliffe 
and Sons Ltd. Prise 3s. 6d. 


HE annual issue of the Wireless 

World Valve Data Supplement had, 
by the time the war started, become 
the standard source of information; but 
publication has been unavoidably 
suspended since 1940 owing to paper 
restrictions. At last it has been possible 
to produce the first post-war edition. 
The material now appears as a separate 
book, containing 80 pages of Wireless 
World size. 

** Radio Valve Data ”’ gives the main 
electrical characteristics of 1,600 British 
and American receiving valves, the 
information comprising figures for 
normal operating conditions arranged 
in tabular form. Valves are classified 
according to type under the headings 
Frequency Changers, Screened Tetrodes 
and Pentodes, Output Valves, Diodes, 
Triodes, Rectifiers (Valve and Metal), 
Tuning Indicators, Barretters and 
Voltage Stabilisers, The British valves 
are further grouped under manufac- 
turers’ names and then sub-divided 
into obsolete, replacement and current 
types, according to the makers’ cate- 
gories, 

Additional tables and diagrams give 
the base: connections for all valves, and 
an index enables any valve to be easily 
found by type designation. A separate 
list of those American-type valves 
which are made in this country is in- 
cluded; data is also given on crystal 
ee and signal-frequency metal recti- 

ers, 
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Metal Rectifiers 


By H. K. Henisch. (Oxford University Press) 
168 pages, 55 figures, I5s. net. 


HIS book is one of a new series of 

monographs on the physics and 
chemistry ot materials. Its contents 
may be described in three parts. The 
first portion of the text gives an 
account, with attention to relevant de- 
tails, of the methods of manufacture 
of rectifiers of the cuprous oxide, 
selenium, magnesium-cupric sulphide 
and germanium types. Germanium 
rectifiers have found importart appli- 
cations as detectors in radar receivers, 
while other types find their chief uses 
in low-frequency power rectification 
and in instruments for A.c. measure- 
ments. The second section of the text 
deals with the characteristics of recti- 
fiers of the above types. These include 
voltage-current, resistance and tem 
perature characteristics, hysteresis, 
creep and ageing effects, self capaci- 
tance and behaviour under alternating 
current conditions. 


It view of the author’s physical ap- 
proach to the subject it is natural that 
a considerable section of the text 
should be devoted to a discussion of 
the theories of rectification. A straight- 
forward account of current theories is 
given which includes no difficult mathe- 
matics. Modern theories, such as that 
of thermal diffusion, the diode theory 
and the theory of tunnel penetration 
are fully treated while a short account 
of some of the numerous earlier 
theories of rectification is included. In 
this theoretical discussion there is a 
term ‘ electromagnetic wave-groups ”’ 
(page 83, para, 5.5.3, sentence ii) which 
may be misleading. It may be an 
unnoticed error and should rather read 
‘* electron wave-groups.’’ The last two 
chapters provide notes on the practical 
operation of rectifiers and on possible 
future developments respectively. An 
extensive bibliography, arranged in 
chronological order, is provided at the 
end of the text and there is a short 
subject index of the main topics. 


The mechanism of rectification at a 
metal semi-conductor boundary is often 
described without any reference to the 
properties of the other metal semi-con- 
ductor contact which must necessarily 
influence the practical] behaviour of the 
system. The author has been careful 
to describe the function of the second 
contact as an integral part of the dry 
rectifier. On the whole, the lucid treat- 
ment of the experimental and theoreti- 
cal aspects of rectifiers will commend 
the book to those concerned with the 
practical uses of dry rectifiers who wish 
to have a critical but compact account 
of the subject but have little time to 
make their own survey of the field. The 
book will be very valuable to students 
as part of an introduction to the elec- 
tronic properties of solids which it is 
hoped this series of monographs will 


provide. 
G. F, J. Garuick. 
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A New DUSHMAN ! 


SCIENTIFIC 
FOUNDATIONS OF 
VACUUM 
TECHNIQUE 


by PAUL DUSHMAN, Ph.D. 
9 x 6 382 pages 328 figures 
90s. net. 





Other New Books: 


RADIO 
ENGINEERING 


IN TWO VOLUMES 


by E. K. SANDEMAN, Ph.D., B.Sc., 
A.C.G.1., M.LE.E. 
VOLUME ONE 
Med. 8vo. 775 pages illustrated 
45s. net 
ALREADY PUBLISHED 





VOLUME TWO 
Med. 8vo. 608 pages illustrated 
40s. net 
READY SHORTLY 


PULSES AND 
TRANSIENTS IN 
COMMUNICATION 
CIRCUITS 
An Introduction to Network 
Transient Analysis for Television 
and Radio Engineers 
by COLIN CHERRY, M.Sc.(Eng), 
A.M.LE.E. 


317 pages 129 figures 


32s. net 


ELEMENTS 
OF ELECTRONICS 


by G. WINDRED, A.M.LE.E. 
Demy 8vo. 200 pages 100 figures 


Demy 8vo. 


15s. net 





CHAPMAN & HALL, LTD. 


37-39, Essex Street, London, W.C.2 
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CHAPMAN 
& 


HALL, LTD. 


Have pleasure in announcing 
that the undermentioned titles 
(previously published by The 
Pilot Press, Ltd.) will now be 
available under their imprint. 


FRONTIERS OF SCIENCE 
SERIES 


PROTEINS AND LIFE, by M. V. 
Tracey 10s. 6d. net 


COSMIC RAYS AND NU- 
CLEAR PHYSICS, by L. Janossy 
9s. 6d. net 


VISION AND THE EYE, by 
M. H. Pirenne 12s. 6d. net 


ATOMIC ENERGY, by R. R. 
Nimmo 9s. 6d. net 


And further titles in active 
preparation 


OTHER BOOKS 


ELECTRONICS AND THEIR 
APPLICATION IN INDUSTRY, 
Edited by B. Lovell 42s. net 


AIRLINERS AND AIRWAYS, 
by S. E. Veale 2Is. net 





and other titles in active 
preparation. 


Further details on application to : 





CHAPMAN & HALL, LTD. 


37, Essex Street, London, W.C.2. 
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BOOK REVIEWS (continued) 


Introduction to Television 
By A. Folwell. (Chapman & Hall), 9s. 6d. 


HE author explains in his preface 

that the object of his book is to 
present television to such people as 
management, administration and sales 
staffs and to establish a foundation for 
amateurs and service engineers. For 
that purpose he assumes that they have 
some knowledge of the circuitry and 
principles of sound broadcast receivers. 
He then confines himself conscientiously 
to their limitations and requirements, 
though perhaps taking too much for 
granted their comprehension of some 
of the more popular terminology. 

As a rule in an elementary descrip- 
tion of television it is usual first to 
draw the parallel with sound broad- 
casting and then follow the sequence 
from the transmitted scene to the 


viewing screen. In certain circum- 
stances, while perhaps presenting 
the most direct approach, — the 


reader can become lost n the many 
steps to be followed. The author of 
this book, on the other hand, deals 
first with the cathode-ray tube and the 
formation of the raster. 

A brief description of the signal 
sequence is followed by a well prepared 
discussion on modulation and _ band- 
width. Diagrams representing modu- 
lated R.F., however, appear to fail in 
their purpose because, instead of using 
the more conventional method. the 
author shows the ‘‘ wavy envelope ”’ 
filled in with mechanical “ tinting ”’ 
rather than the more laboriously 
drawn, but much more clear, R.F. 
** waves.’’ 

Basic circuitry is then dealt with, 
but here the author, despite the state- 
ment on p, 102 that such is not his 
intention, enters into arguments on 
various points of design. These, bear- 
ing in mind his intended audience, are 
of rather debateable value. 

Chapters on the frequency changer 
and p.c, restoration are well and 
clearly written. 

More attention to the final revision 
would probably have prevented such 
loose statements as: (p, 15) ‘‘ This ad- 
justment becomes the ‘ Focus’ Knob’’; 
(p. 16) ‘‘These electrostatic . . . sys- 
tems of electronic focusing, when com- 
pared with optical methods are’’ (p, 44). 
The repeated use of the words 
‘** former”? and latter’’ (particularly 
on p. 17) is apt to be rather confusing. 

The book will undoubtedly be of 
interest to those for whom it was 
written. A Glossary of Terms used 
might prove an additional help. 

P. NICHOLSON. 


F.B.1. Register of British 


Manufacturers 


1948/9 21st edition. By Kelly’s Directories 
Ltd. and Iliffe and Sons Ltd. Price 42s. 752 


pages. 


HE only complete guide to Mem- 

bers of the Federation of British 
Industries, their producis and services, 
this latest edition totals nearly 1,000 
pages including advertisers’ aynounce- 
ments and includes up-to-date details of 
many hundred new F.B.T. Members. 


The 1948-9 F.B.I. Register _ lists 
nearly six thousand firms and _ their 
products, and includes much informa- 
tion of the greatest interest and utility 
to overseas buyers. Especially valuable 
is the Products and Services Section, 
with more than 5,000 product headings 
facilitating the rapid identification of 
supply sources, the Address Section 
giving complete information on’ every 
Member, and the Brands and Trade 
Marks Sections indicating the makers 
of branded products. There are 
reference facilities in French and 
Spanish, while the classification has 
been improved and greatly extended. 


Produced under an arrangement with 
the Federation of British Industries, 
the new F.B.I. Register will have 
world-wide distribution to importers, 
buyers, Trade Commissioners, Chambers 
of Commerce, ete., and will provide 
valuable support for the export drive. 
Sir Frederick Bain, M.C., President of 
the F.B.I., and Deputy Chairman of 
I.C.I., says in his foreword, ‘* We 
believe this Register is a real service... 
in these days when, owing to the 
scarcity of materials, orders have to 
be spread over many different firms, 
the Register becomes an increasingly 
valuable sales instrument.”’ 


The five main sections of the Register 
have reinforced guide tabs for ease of 
reference, 

Contents include. Foreword by the 
President, Sir Frederick Bain, M.C.,— 
The F.B.I.: Its Aims and Activities— 


Overseas Organisation and _ Trade 
Openings Department — Regional 


Organisation of the F.B.I.—Preducts 
and Services: Member Firms classified 
by products and services: Member 
Associations classified by industries—- 
Advertisements; Addresses: Alpha- 
betical Directories of the addresses of 
Member Firms and_ Associations— 
Brands and Trade Names with indica- 
tion of products and their manufac- 
turers—also Trade Marks. 
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NOTES FROM THE INDUSTRY 


Chapman and Hall, Ltd. 


Messrs. Chapman & Hall have ac- 
quired from Pilot Press, Ltd., their 
complete range of scientific and tech- 
nical books. This includes the well- 
known ‘‘ Frontiers of Science ’’ series, 
which will be continued in its present 
form. 


All inquiries for these books should 
be addressed in future to Messrs. Chap- 
man & Hall, Ltd., 37 Essex Street, 
Strand, London, W.C.2, or to Book 
Centre, Ltd., North Circular Road, 
Neasden, N.W.10. 


Gamma Rays Available for Industry 


The Ministry of Supply announce 
that radium and radon, which are 
sources of gamma ray radiation, can 
now be supplied for industrial radio- 
graphy use. 

Radium, which is best suited to fac- 
tories and foundries, where there is 
constant radiographic work, can be 
hired for periods of not less than six 
months; the average time to fulfill an 
order is two months, 


Radon is sold outright, and only one 
week’s notice of an order is required. 


New G.E.C. Director 


The General Electric Co., Ltd., an- 
nounces the appointment to its board of 
directors of Mr, A. S. Black, manager 
of the Scottish branches of the com- 
pany. 

Mr. Black joined the G.E.C. in Glas- 
gow in 1910. After serving in the 
1914/18 war he was appointed manager 
of the Edinburgh branch and in 1935 
he was transferred to Glasgow as 
assistant manager of the G.E.C. 
Scottish branches, becoming manager 
on the retirement of Mr. P, J. Sims in 
1937. 


T.C.C. Co., Ltd.,-U..1.C. Co., Ltd. 


The Telegraph Condenser Company, 
Limited, will undertake the production 
and sale of silvered mica and ceramic 
condensers hitherto made by United 
Insulator Company, Limited. Cera- 
mic dielectrics (made by  U.I.C.) 
will also be sold through T.C.C. To 
ensure the full effectivene:s of this 
transfer, and to provide for the neces- 
sary continuity of quality and general 
good service, key personnel from the 
U.LC. Research, Development, Produc- 
tion and Sales Departments will join 
the T.C.C. organisation. 


The United Insulator Company, 
Limited, will specialise in the manu- 
facture ‘of ceramic dielectrics, insula- 
tors and other ceramic bodies. 


Manchester Electronics Showrooms 


F. C. Robinson & Partners, Ltd., of 
308 Deansgate, Manchester 3, are now 
northern representatives for Cinema- 
Television, Airmec Laboratories, Furze- 
hill Laboratories, Evans Electroselen- 
nium, Electronic Instruments, Wayne 
Kerr Laboratories, Sargrove Electro- 
nics, British Physical Laboratories, J. 
Langham Thompson, Baldwin Instru- 
ments and G.E.C. 


Change of Address 


All departments of H. J. Enthoven & 
Sons, Ltd., are now at: ‘‘ Enthoven 
House,’’ 89 Upper Thames Street, Lon- 
don, E.C.4. The telephone number 
(MANsion House 4533) remains un- 
changed. 


The Mond Nickel Company, Ltd. 
announce that they are moving 
their head offices from Grosvenor 
House, Park Lane, to Sunderland 
House, Curzon Street. After that 
date the address of the head 
offices of the Mond Nickel Company, 
Ltd., Henry Wiggin & Company, Ltd., 
and’Mond Nickel (Retirement System) 
Trustees, Ltd., will be Sunderland 
House, Curzon Street, London, W.1. 
Telephone: GROsvenor 4131.  Tele- 
grams: Nictatio, Telex, London. 





A MODERN HOME-BUILT 
TELEVISOR 
FOR THE MIDLANDS 
AREA 


We _ have received numerous 
enquiries regarding the design of the 
** Televisor ’’ to receive the Sutton 
Coldfield television transmissions. 


This preliminary announcement is 
to notify readers that the design of 
the modified vision and sound unit is 
now far advanced, and further details 
will be issued as soon as tests have 
been completed. 


The general design and layout of 
the ‘‘ Televisor ’’ chassis will not be 
changed, and instructions for modify- 
ing existing chassis to receive the 
Midlands wavelengths will also be 
published in this journal. 











Publications Received 


Mullard Valve Data Booklet. 

A pocket-sized booklet containing the 
information previously issued as a wall 
chart. Equivalent valves of other 
makers are listed, together with recom- 
mendations for the substitution of 
modern valves for obsolete types. From 
Mullard Electronic Products, Ltd., 
Century House, Shaftesbury Avenue, 
London, W.C.2. 


A Prospector’s Handbook to Radio- 

active Mineral Deposits. 

A guide for prospectors, geologists 
and mining engineers in their search 
for radioactive minerals, From His 
Majesty’s Stationery Office. Price 6d. 
G.E.C. Torches, Cycle Lamps, Hand 


Lamps and Lighting Batteries. 
A catalogue of dry-cell lighting 
accessories. From G.E.C., Ltd., Magnet 
House, Kingsway, London, W.C.2. 


G.E.C. Quartz Crystal Units. 
Types, performance and references of 
G.E.C. crystals. From Salford Elec- 
trical Instruments, Ltd., Peel Works, 
Silk Street, Salford 3, Lancs. 


Colvern Wire-Wound Potentiometers. 
A leaflet on their products. From 
Colvern, Ltd., Mawneys Road. Rom 
ford, Essex. 
Microwave Equipment. 

A description of the Plessey centi- 
metric radio link for providing multi- 
channel two-way radio te’ephone com. 
munication. From The Plessey Co., 


Ltd., Ilford, Essex, 


Sorbsil Brand Silica Gel, 

An outline of the main characteristics 
of the product and the methods of its 
application as an_ adsorbent = and 

catalyst support. From Lever Brothers 
& Unilever, Ltd., Unilever House, 
London, E.C.4. 


Elliott Magnetic Amplifiers. 

A description of the standardised 
range of magnetic amplifiers and 
ancillary equipment. Free on request 
from Elliott Brothers (London), Ltd., 
— Works, Lewisham, London, 


S.E.1 


Telcon House Magazine No.1. In 
tended primarily for their staff as its 
name implies, this magazine will also 
interest their clients both at home and 
overseas; it is issued by The Telegraph 
Construction and Maintenance Co., Ltd., 


Telcon Works, Greenwich, London, 
S.E.10. 
** B.IL.M. Management Extracts, Vol. 1, 


Oo. 2. 

A comprehensive review of recent 
books on applicable subjects issued by 
The British Institute of Management, 
17 Hill Street, London, W.1. 
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CORRESPONDENCE 
Leakage Inductance closely that deduction of (1—k) by Mr. Attree replies: 
Dear Sir,—In the article on evaluating k is rather indeter- All circuits of this type are 


*‘ Leakage Inductance”? by N. H. 
Crowhurst, published in issue No. 
254 of April, 1949, I was surprised 
not to find any statements on the 
sort of iron cores used. My opinion 
is that without knowing the charac- 
teristic data of the iron core, as for 
instance, permeability, it is im- 
possible to state directly the leakage 
inductance in millihenries, the latter 
being proportional to the total 
inductance of the coil. This total 
inductance depends greatly on the 
data of the iron core and changes 
with them. The leakage inductance 
changes in the same ratio. 

I am sure that for a definite geo- 
metrical layout of various windings, 
as treated in the article, there could 
only be a stated ratio between total 
and leakage inductance. Their 
actual values depend, however, as 
I have said, on the sort of iron core 
used. That is why I cannot under- 
stand how the author can state 
direct values without referring to a 
certain kind of iron core. 


Dr. GEORG SKALAR, 
Vienna. 


Mr. Crowhurst replies : 


Dr. Skalar’s difficulty appears to 
arise from the use of an approach 
that does not lend itself readily to 
practical determination of leakage 
inductance: the mutual inductance 
between two coils is given by M 
= kVIile, where k is the coupling 
factor, L: and L: are the inductances 
of the coils; leakage induc- 
tance is regarded as a_ secon- 
dary quantity which is a_ func- 
tion, Li or Lz and (1 k). The 
only way that all the inductances 
can be made to change in the same 
ratio by introduction of magnetic 
material would be to ‘“‘ impreg- 
nate’’ the whole structure with 
material of uniform permeability. 
In practice, the magnetic material 
does not occupy either the space 
inside the winding (between indivi- 
dual turns) or between windings, so 
the assumption of constant k cannot 
be made. 


The inductance due to the core is 
of the order of a thousand times the 
leakage inductance between wind- 
ings, thus k approaches unity so 


minate. 


The simplest approach to leakage 
inductance is by the concept of an 
ideal transformer, in which the iron 
takes zero magnetising current, the 
two windings are resistanceless and 
occupy the same space. The mag- 
netising current is then added as a 
shunt loss, while winding resistance 
and leakage inductance are series 


elements. The leakage flux paths, 
over the part considered, are 
through the windings themselves 


and the inter-winding space, where 
the permeability is unity. Whether 
the remainder of the flux paths is in 
air or through iron, its reluctance 
is negligible compared to that 
through the coils to a very much 
greater degree than the _ similar 
approximation made for a long sole- 
noid. Physical variations in wind- 
ing dimensions are responsible for 
greater variations in leakage induc- 
tance than are even wide variations 
in core permeability. 


Reducing the Effect of Capacitance 
in a Screened Cable 


Dear Str,—It may interest you 
to know that the method of reduc- 
ing the effect of canacitance in 
screened cables described in your 
March issue by V. H. Attree is 
patented in Sweden under patent 
number 107,146, filed May 6, 1939. 
There is also a very similar Ameri- 
can patent, number 2,282,819, held 
by W. J. Brown, filed February 28, 
1941, entitled ‘‘Method of reducing 
leakage’’, which seems, however, to 
be limited to p.c. compensation. 


The Swedish patent covers both 
A.c. and D.c. and it is pointed out 
that it is valid not only to screened 
cables but also to components of 
amplifiers and electrodes in elec- 
tronic valves. 

It is worth noting that, if the said 
method is used for reducing the 
capacitance of a cable, the micro- 
phonic effect of the cable also prac- 
tically disappears as there is not 
any capacitance left to vary with 
the mechanical vibrations of the 
cable. 


INGE I: SON SVEDBERG. 


Svenska Radioaktiebolaget, Stock- 
holm, Sweden. 


derived from the fundamental idea 
of the Kelvin ‘‘ Guard Ring.” In 
the U.S.A. the use of a valve cath- 
ode to give the “‘ guard ”’ potential 
is the basis of all circuits of the 
** Bootstrap ”’ family. 

With respect to Fig. 3; in the 
Swedish patent this is the well- 
known technique of  neutralisa- 
tion applied to a low frequency cir- 
cuit. Unfortunately, the circuit 
given is critical of valve character- 
istics, so that small changes in 
operating conditions may set up 
self-oscillation. Further, I note that 
there is no screen voltage on the 
first valve. I have had occasion to 
use neutralisation, at low frequen- 
cies, and I have come to the con- 
clusion that a practical arrange- 
ment is only possible if a low 
gain amplifier is used, well stabi- 
lised by negative feedback. Fur- 
thermore, it is desirable to restrict 
the upper end of the pass band in 
order to avoid possible oscillation 
at very high frequencies. A typical 
arrangement, applied to a _ photo- 
tube circuit, was given in the May 
issue of ELECTRONIC ENGINEERING. 


B.B.C. Television Transmitter 


Dear Sir,—I am giving below the 
information on the frequency limits 
within which the television trans- 
mitter that we have ordered from 
Marconi’s Wireless Telegraph Co., 
Ltd., will operate. 


The transmitter will operate with- 
in the band 41 Mc/s. to 68 Mc/s. 
and is not restricted to the band 
42 Mc/s. to 46 Mc/s. as stated in 
the editorial of the May issue 
of Execrronic ENGINEERING. The 
actual frequency on which it will 
operate has not yet been decided. 


Would you please publish a cor- 
rection to this effect, in order to 
prevent people getting the mistaken 
idea that the carrier frequency of 
the Northern Television Service will 
be between 42 Mc/s. and 46 Mc/s. 
Yours sincerely, 


P. E. F. A. West, 


Engineering Information 
Department, B.B.C. 
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AUSTINUTE 
CONTROL 


The Austinlite Rotary Switch is 

fitted to the Austinlite Control Panel 
which is supplied with electric 
lighthouse installations, telecommunica- 
tion stand-by plant and other 

vital equipment. 







Full particulars of the Austinlite Rotary 
Switch will be sent on request. 


{ Aance. PRODUCT 


AUSTINLITE LIMITED (Proprietors Chunce Brothers Limited) 
Dept. A5, Lighthouse Works, Smethwick, 40, Birmingham. 
Telephone : West Bromwich 1051 





IPRING 





LOADED 
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RELIABILITY 


of H.T. and E.H.T. supplies 
to electronic and television 
equipment. 


FIT AND FORGET 


@)[WESTINGHOUSE|@) 


ESTALITE 


METAL RECTIFIERS 


They ensure a steady, constant, and 
unfailing supply. 





Write for descriptive 
literature and prices 
to DEPT. E.E.6 


WESTINGHOUSE BRAKE & SIGNAL Co. Ltd. 
82 YORK WAY, KING’S CROSS, LONDON, N.! 





TERMANALS 


PAINTONG CO LTD + KINGSTHORPE ‘NORTHAMPTON © ENGLAND 
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(ft NOISE & VIBRATION 
MEASUREMENTS 
} 









DAWE INSTRUMENTS LTD., 130 UXBRIDGE ROAD, HANWELL, LONDON, W.7. EALING 6215 


STROBOSCOPIC »\ 
OBSERVATIONS 














25,000 VOLTS 


mn. aes 


for Projection Television and Industrial applications. 


] 





(available 1st July, 1949) 


The standard unit is built in a 9-in. cube 
aluminium screening can. 


For an output of 25,000 volts D.c. at 
250uA the input required is 450 volts 
D.c. at 65 mA. A separate power unit 
can be supplied to give operation from 


10-250 volts A.c. mains. 


Stabilization against variations of load 
and mains voltage can be included. 


Deliveries of our 5.5 KV (£3 15s. 0d.) 
and 8 KV (£65 5s. 0d.) units are improving. 


HAZLEHURST DESIGNS LTD. *™* Brompton Ra. London, S.W.3 











Te ecereres: 





TO Meer TETSS: 
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LOW POWER 


SINGLE SIDEBAND 
RADIO SYSTEM 











The Standard DS9 Transmitter and RX9 
Receiver at last make it possible to plan 
the shorter H.F. radio links to give the 
higher reliability, better quality and 
increased number of channels which 


characterize the Single Sideband System. 


Electronic Engineering 











Type DSI Single Sideband Radio Transmitter 
Frequency Range 4—22 Mc/s. Power Output 300- 
watts. Two independent sidebands with reduced 
carrier. Total sideband width adequate for 3 tele- 
phone channels, many teleprinter channels or 
various combinations of telephone and teleprinter. 
Sideband generating equipment built into trans- 
mitter. Compact design and rugged construction 
with maximum accessibility from the front only. 


Type RX9 Single Sideband Radio Receiver 
Frequency range 4—25 Mc/s. Independent side- 
band, single sideband and double sideband reception. 
Crystal selectivity combined with sideband accept- 
ance matching DS9 transmitter. Precision automatic 
frequency control. Full front accessibility using 
withdrawable and tilting units for maximum ease of 
servicing. 














DESIGNED AND BUILT by Stondard | 





Standard Telephones and Cables Limifed «x10 vivision 


(Registered Office : Connaught House, Aldwych, London, W.C.2) 


OAKLEIGH ROAD: NEW SOUTHGATE LONDON N.II ENGLAND 








20 Electronic Engineering 


Measurement by 


Mullard 











Mullard Oscillograph type E.800/1 


The name of Mullard has for long been connected 
with cathode ray oscillographs, and their experience 
in this field is unequalled. Mullard cathode ray 
tubes, Mullard valves and Mullard circuitry have 
been combined to produce the accepted standard 
oscillograph. 


Type E.800/1 
Time base frequency 0.25—16,000 c/s. 
Amplifier response (2 dB loss) 0.I—40,000 c/s. 
Amplifier sensitivity (Max. Gain) 1 mV.rms/cm. 
Delivery—Ex stock. 


Type E.805 


Time base frequency § c/s—150 Kc/s. 
Amplifier response (3 dB loss) 2 c/s—2 Mc/s. 
Amplifier sensitivity (Max. Gain) 5 mV. rms/cm. 
Delivery—Ex stock. 


Mullard 
Electronic Products Ltd. 


Electfonic Equipment Division 


ABOYNE WORKS, ABOYNE ROAD, LONDON, S.W.I7. 





MI.276) 


June 1949, 






NILO K 
for seals in 
medium- hard 
boro-silicate 
glasses. 


NILO 48 
for thermostats 
operating up to 
450°C. and seals 
in certain soft 


glasses. 





NILO 42 


for oven ther- 
mostats, lead-in 
wires for lamps 
and valves. 


NILO 36 


for clock pendu- 
lums, precision 
gauges, survey- 
ors’ tapes, etc. 





The Nilo alloys are nickel-iron and nickel- 
cobalt-iron alloys with small controlled coefficients of 
thermal expansion. 

Nilo 36 has a coefficient of expansion approaching zero at 
atmospheric temperatures. 

Nilo 42 has a slightly higher expansion, but it holds .this 
figure at higher temperatures than Nilo 36. 

Nilo 48 has a coefficient of thermal expansion similar to that 
of certain soft glasses, and may be used at temperatures up 
to about 450°C. : 

Nilo K has a coefficient of thermal expansion similar to thit 
of medium-hard boro-silicate glasses. These glasses, 
having good thermal shock resistance, are widely used in 
the construction of electronic equipment. 


*Nilo is a registered trade mark. 


For further particulars, write to... 


HENRY WIGGIN & CO. LTD 
WIGGIN STREET, BIRMINGHAM, 16 


36/HA/! 
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With acknowledgements 
to Rudyard Kipling 


If you can operate when 
all about you 
Are failing and going 
completely dead, 
If you can work when the mere 
thought of working 
Makes other transformers 
‘coil up’ in dread; 
If you can carry on in shocking 
climate - 
Extremes of cold and heat - 
and choking dust, 
And let no moisture of a ; 
clime intemperate 
Affect your circuit with 
corrosive crust: 


If you've been built with such 
hairbreadth precision 

That Kings and Crowds both 
marvel at your touch, 

If you are compact, light, 
sealed with decision 

And all this doesn't cost 
so very much; 

If you can fill each unforgiving 
minute 

With sixty seconds worth of 
solid 'go', = 

Yours the electronic world and 
all in it 

And what is more - 
you'll be a PARMEKO! 





P Leices (a 32287) 


Makers of Transformers for Electronic and Electrical Industries 


AKO Cm 
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Colour coded Delaflex charts the 


course in the best radio and electronic circuits, so 
that true information is given at a glance—but 
not always the plain unvarnished truth. For 
Delaflex Insulated Sleevings come in a variety 
of sizes, grades and finishes—varnished cotton, 
varnished art. silk (Rayon) and rolled silk with 
optional metal screening in diameters from 0.5 mm. 


upwards. In various single and 






multiple colours. 


*For further details 
please write 
or telephone :— 
THOMAS DE LA RUE & CO. LTD « PLASTICS DIVISION 


IMPERIAL HOUSE - 84 REGENT ST. - LONDON, W.! 
Telephone : REGent 2901 





IND/49 





22 Electronic 


Engineering June, 1949 





BA 


Also 4-inch square 
and 6-inch 
portable patterns 


BS First-grade 


Dimensions to KI13 





24 and 34-inch 
ROUND PATTERN 
INSTRUMENTS 
Moving-coil 
Rectifier 


Thermal 


Especially suited for incorporation in test gear 


These are some of the instruments made by— 


BALDWIN 
Telephone: 


INSTRUMENT CO. LTD., 


DARTFORD, KENT 


Dartford 2989 




















AMBITIOUS ENGINEERS 


HAVE YOU HAD YOUR COPY a 
* ENGINEERING OPPORTUNITIES ” 
Whatever your age or experience—you must ann this ae 
informative guide to the be Tire a NTN e Mire. 
contains particulars of A. 
A. RE and other important he 
Examinations, and outlines home-study courses in all branches of 
ical, Electrical, Automobi dio and 
Aeronautical 


Engineering, Government Employment, 
Draughtsmansbip, Building and Plastics, Matri tion, etc. 
We Guarantee 
‘‘NO PASS — NO FEE’’ 

if you are earning less than £10 a week cannot afford to miss 
reading “ portunities.” It tells you eke 
you want to know to secure your future. Write for this enlightening 
guide to well paid posts NOW—FREE and without obligation. 


BRITISH INSTITUTE OF 


ENGINEERING TECHNOLOGY 
337A, Shakespeare House, 17/19, Stratford Place, London, W.1 
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ELECTRO - CERAMIC INSULATORS & REFRACTORIES 


manufactured 


GEO. BRAY & co, (LTD. 


folks 209 i (6 elegrams a hes 


TELECOMMUNICATION, 
RADIO & ELECTRICAL 
TRADES. 





POTENTIOMETERS 


AFLIANCE 





Wire-wound and Composition types. 
Single, Ganged, Tandem Units. 





Characterist! <s: linear, log., semi-log., non- 
inductive, etc. Full details on request. 
RELIANCE MNFG. CO. (SOUTHWARK), LTD., 
Sutherland Road, H‘gham Hill, Walthamstow, E.17. 
Telephone: Larkswood 3245 



















MOULDED 
sa ermsecaiaen RUBBER PARTS 


Are invited from the Engineering, Electrical & Motor Industries 
for special Moulded Parts in Natural and Synthetic Compounds 


THE HARBORO’ RUBBER CO. LTD., MARKET HARBOROUGH 
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SEG NRIOL 
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Measuring Inductance of choke 
and transformer windings 
under working conditions 
Windings having inductances between 100 m/Hys, 
and 5,000 Hys. can be measured when carrying D.C. 
up to 100 milliamps by using an external source and 
connecting as shown. The use of a high impedance 
choke in series with the source is neces- 
sary to avoid short circuiting 
: the detector input. 
} 
“ 
COMPONENT BRIDGE BIO0lI 
Capacity: 5 pfd. to 500 mfd. in eight ranges 
Resistance: 5 ohms to 500 MQ in eight ranges 
Inductance: 0°! Hy. to 5000 Hys. in four ranges 
= Leakage Oto I'5 m/a Q: 0 to 30 
Precision Comparator Price 26 Guineas 





THE WAYNE KERR LABORATORIES LIMITED, NEW MALDEN, SURREY. * PHONE MALDEN 2202 


| GERAMIGO 
J) | UIE 
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tries 


ee UNITED INSULATOR COMPANY LTD - TOLWORTH - SURBITON - SURREY - ENGLAND 


JGH * Cables: Calanel, Surbiton Telephone: Elmbridge 5241 
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THE Hew WINDSOR tcxxm 
e 
5 
| ae ClecGwnic TESTMETER 
oO 
n/ 


MODEL 170A 

A highly stable D.C. Valve Voltmeter using an external diode probe 
for R.F. and A.C. measurements. Stability and freedom from zero drift 
are ensured by careful design and the simplified controls make for ease 
in handling. For A.C. mains operation, 110-120V and 200-250V 40/100c/s. 


' EL ION Re 
oF 








RANGES. 

@ D.C. VOLTS. 0-2.5-10-25-100-250-1,000. 

@ D.C. VOLTS x 10. 0-25-100-250-1,000-2,500-10,000 (with adaptor). 
@ R.F., A.F.& A.C. VOLTS. 0-2.5-10-25-100-250. 

@ A.C. VOLTS x 10. 0-25-100-250-1,000-2,500 (with adaptor). 

@ D.C. CURRENT. 0-100.A-l1mA-10mA-100mA-1 Amp-10 Amps. 


@ RESISTANCE. 0.5 ohm-1000 megohms in 6 ranges using internal 
battery. 


@ DECIBELS. —22dbto + 43db in 5 ranges 





LIST PRICE £22.10. 0 


ee Please write for further details WIND S OR 
ater on ee 
and TAYLOR 


TAYLOR ELECTRICAL INSTRUMENTS LTD ear fo 
419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND \ TEST EQUIPMENT / <) 
Telephone SLOUGH 2138! (4 lines) © Grams & Cables TAYLINS, SLOUGH 














You This is the new list giving descriptions of the 
162 Standard types of “ Somerford” Transformers 
MUST get and Chokes together with details of 28 types of 

; Mt Replacement components suitable for commercial 
this List... pte 








This COMPLETE range will meet ALL your normal needs 


The requirements of the Electronic Industries are many and varied. It is to meet 
such demands that the ‘‘ Somerford '’ range of Transformers and Chokes exist. 
No matter whether you are engaged in radio, the manufacture of industrial or 
domestic appliances, or laboratory work, if you are looking for components that 
will give you accuracy and dependability at an economical cost, you will do well 
to choose GARDNER products. Research, skill and modern manufacturing methods 
have been combined to produce components that will withstand the most arduous 
working conditions and meet the exacting demands of present-day standards. The 
‘‘ Somerford '’ range comprises 162 different types—a type for every normal need, 


Ready for IMMEDIATE DELIVERY 


Full details and specifications will be sent on request 


A TRANSFORMERS 
ER TRANSFORMERS 


5 _POWE 
OUTPUT & DRIV / ) 
_ FORMERS 
EW. MES MERS 
Cea eee ANSFORMERS te 


REPLACEMENT SOMERFORD - CHRISTCHURCH - HANTS 


MAIN: 
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Supreme 
Communications 
Receiver 


oe 
MUN 
COMMUNICATIONS RECEIVER \ com 


This high-grade communications receiver incorporates the most highly Sai 
developed techniques in modern receiver design. Five degrees of ’ bl fj Om 
selectivity, including a crystal gate and crystal filter are provided, and 
the sensitivity is such that an input of ketween 1-5 microvolts gives a \\ 

signal/noise ratio of at least 10 dB over the entire frequency range of ° 

13.5 to 26 ke/s and 95 ke/s to 32 Mc/s. Separate power units for A.C. ad 10 

or D.C. operation are available. 


REDIFFUSION LIMITED, BROOMHILL ROAD, WANDSWORTH, S.W.18 


DESIGNERS & MANUFACTURERS OF RADIO COMMUNICATION & INDUSTRIAL ELECTRONIC EQUIPMENT Phone: er a 








MREEPING THE VOLTAGE 
T : 
UNDER CONTROL 3 







FOR VARIABLE VOLTAGE 
Berco ‘‘Regavolt’’ infinitely variable 
transformers can be used to obtain 
a variable voltage independent 
of the load. A wide range of 
standard models for single 
and three phase systems are 
available—ideal for testing, 
research, and_ industrial 
purposes. 


FOR CONSTANT VOLTAGE 

The Berco/B.P.T. single phase and 
three phase voltage stabilisers main- 
tain a constant voltage from a 


fluctuating supply regardless offluc- § OTHER VOLTAGE AND CURRENT 
tuations in load, load power factor, 


and normal frequency variations. REGULATING EQUIPMENT 


uae models available from 3 to Laboratory and Industrial sliding resis- 


‘ se — _ 569671. Manu- tances. Vitreous enamelled resistances. 
actured and sold under licence , 
from British Power Transformer Rotary rheostat potentiometers. Stud 


Co. Ltd. switches. Control knobs. 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
ponent QUEENSWAY, PONDERS END, MIDDLESEX 


AAOV. Stabiliser 30 kVA. Telephone: Howard 1492 Telegrams: ‘*Vitrohm, Enfield’’ 


BERCO hand-operated 
Single phase Regavolt. 


| 
| 
| 
i] 
| 
| 
| 
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RELAYS 


AND 


SWITCH KEYS 


LARGE EX-GOVT. STOCKS 
IMMEDIATE DELIVERY 


Relays : Types P.O. 600 and 3000. ~ Also High Speed 








LIGHT WEIGHT HAND SET 


FOUR WAY CORD 


ROTARY SELECTOR SWITCHES 
CARBON HAND MI -ROPHONES 
TELEPHONE PLUGS - JACKS - CORDS 


JACK DAVIS 


Dept. E.E. 


30 PERCY STREET, LONDON, W.I 


Telephone : MUSeum 7960 


LAMINATIONS 


FOR 
ALL RADIO AND ELECTRICAL USES. 


IN SILICON, DYNAMO, INTERMEDIATE 
AND TRANSFORMER QUALITIES. 


PERMALLOY, MUMETAL, RADIOMETAL. 
SCREENS FOR ALL ELECTRICAL USES. 


TRANSFORMER SHROUDS FOR 35 AND 
74 LAMS. 

GENERAL PRECISION ENGINEERS. 

SHERARDISING TO THE TRADE. 


ELECTRICAL SOUND & TELEVISION PATENTS LTD. 


12 PEMBROKE STREET, LONDON, N.!I. — TERminus 4355 
2/4 MANOR WAY, BOREHAM WOOD, HERTS. — ELStree 2138 











LONDON COUNTY COUNCIL 


NORWOOD TECHNICAL COLLEGE 
Phone: GIPsy Hill 2268/9 West Norwood, London, S.E.27 


TELECOMMUNICATIONS & ELECTRONICS 


DAY and EVENING COURSES for the 
following Examinations : 
City and Guilds of London Institute in Telecom- 
munications Engineering (Final Certificate). 
Graduateship of the British Institution of Radio 
Engineers. 


EVENING COURSES, additional to above: 


Radio Service Work (R.T.E.B.) 

Television (Theory and Servicing) 

Series of short courses on Modern Applications 
of Electronics 




















ENROL NOW for the 1949/50 Session 
commencing September next. Vacancies are 
limited. 





Full details and application forms from the 
Principal. (496) 








MAGSLIPS and SELSYNS 





Most types in stock including : 
TRANSMITTERS 
RECEIVERS 
RESOLVERS, etc., 
at approximately 4th of List Prices 
Selsyns with torque up to 45 Ibs/inch. 
Catalogue and technical details on request 


HOPTON RADIO 


1, Hopton Parade, 
Streatham High Road, 
LONDON, S.W.16 


STReatham 6165 
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| S WOQ DEN QUALITY COMPONENTS SPECIFIED FOR 
“ ELECTRONIC ENGINEERING ” 
y 
E.H.T. TRANSFORMER, POTTED TYPE s. d. 
Sh Oe we ee ae ae 
E MAINS TRANSFORMER, POTTED TYPE 
350V-0-350V 250mA. 6,3V 6A. 4V 8A. 4V 3A. 0-2-6.3V 2A. os ae Price 98 6 
SMOOTHING CHOKES 
“| Be i ee ae 
q 10 Hy 80mA. _... at aa rey sup aie an daa .. Price 17 0 
. We also manufacture transformers from IOVA to I00KVA for 
) all types of Electronic Equipment. We are pleased to co-operate 
) } on any special designs required, and we already supply many 
‘ prominent manufacturers. 
The Transformer shown is typical of our larger types. Rated at 
6,000V 30KVA, it is designed for R.F. Heating Equipment. 
; Send for latest Catalogue to: pees 
mee WOODEN TRANSFORMER CO L™ 
5 4355 
2 2138 MOXLEY ROAD - BILSTON - STAFFS TEL: BILSTON 41959 





COMPLETE CATHODE - RAY 
OSCILLOGRAPH EQUIPMENTS 


@ Single and Multi-channel 
@ F.M. Amplifiers 


@ A.C. and D.C. 
Amplifiers 
@ Time-Bases 


@ Time-Markers 


@ Recording Cameras 


ell) 


@ Pressure and 
Vibration pick-ups 


We make a wide range of 
dard equip ts to suit all 
purposes. 


PLEASE WRITE FOR DETAILS 





Special equipments made to 
meet users’ requirements 


SOUTHERN 
INSTRUMENTS 


LIMITED 
FERNHILL, HAWLEY 


CAMBERLEY, SURREY 
Phone: Camberley 174! 


























*SINTREX’ BRAND 


GEORGE COHEN SONS; 


BROADWAY CHAMBERS, 
LONDON, W.6 


Telephone: Riverside 4141 


EE/492/IP9 


SLECHOLIIIC 
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ONE OF THE 


COMPANIES 


CO. LTD 














The Greatest Advance yet ! 
100 Ke/s to 100 Mc/s 


ON FUNDAMENTALS 





Range: 100 Kc/s.—100 Mc/s 
in 6 bands. 
Frequency: Guaranteed within 


os 
Output: Approx. | volt 
unattenuated and variable from 
1 pV to 100 mV into a 75 ohm 
load through a matched trans- 
mission line. 

Stray Field: Less than 3uV at 
100 Mc/s. 

Illuminated Dial: Total scale 
length, 30 in. 

Power Supply: 100 — 210 — 
230 — 250 volts. 40-100 c/s. 
Dimension: 9} in. high x 
13 in. wide X 8 in. deep. 
Weight: 15 /b. 





The new Advance Signal Generator, In common with the earlier model, 


Type E.2, has all the advantages of : 
the popular Model | plus a greatly the new generator offers an instru- 


extended range to cover the Bir- ment of laboratory standard at a 
mingham Television frequencies. price within the reach of moderate 
The wider range, 100 Ke/s. to purses. The remarkable high 


100 Mc/s., gives greater scope for 
advanced experimental work than frequency accuracy of +1% extends 
ever before. over the whole range. 


Advance. 


Send for fully descriptive leaflet. 


SIGNAL GENERATOR 





ADVANCE COMPONENTS LTD., 
Back Road, Shernhali Street, Walthamstow, London, E.17 
Tel. : LARkswood 4366/7/8 


HIGH VACUUM PUMP 
APPARATUS 


for the production 
of metal coatings 
on glass 








BARR & STROUD Ltd. 


Works: ANNIESLAND, GLASGOW, W.3. 
London Office: 15, VICTORIA ST., S.W. I. 
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DRAYTON ‘ HYDROFLEX’ 
Bellows, with tube from which 
! it is made in one operation. 


FOR: Automatic coolant regulation. 
* Movement for pressure change. 
Packless gland to seal spindle in high 
vacua. Reservoir to accept liquid ex- 
cece pension. Dashpot or delay device. 
Barometric measurement or control. 











-100 Mc/s Pressurised couplings where vibration 
teed within or movement is present. Dust seal to 
prevent ingress of dirt. Pressure re- 
1 vole ducing valves. Hydraulic transmission. 
riable from Distance thermostatic con'rol. Low 
2 a 75 ohm torque flexible coupling. Pressure sealed 
ched trans- rocking movemen . Pressurised rotating 
han 3yV at shaft seals. Aircreft pressurised cabin 
control. Refrigeration expansion valves. fe 
Total scale Thermostatic Steam Traps. Pressure or MILLISECOND MEASUREMENT 
amplifiers. Differential pressure mea- The 
)— 210 _ surements. Thermostatic operation of e 
-100 c/s. louvre or damper. 
. high x 
deep. 
Hydraulically formed SED reer 
ler model, “Hyd Fe , as a stop-clock for timing 
roflex” METAL BELLOWS with a : tere ; 
ei ydrofl in the millisecond region. Con- 
ard at a uniformity of life, performance and reliabilit , , 
moderate y or y trolled by relay contacts, photo-cell 
ble high in operation unobtainable by any other method or any abrupt voltage change. 
% extends J 











Seamless, one-piece, metal bellows combining the properties of a MODEL 25A 0-4, 10, 40, 100, 400, 1000 Milliseconds 

compression spring able to withstand repeated flexing, a packless MODEL 25B 0-40, 100, 1000, 4000, 10,000 Milliseconds 
gland and a container which can be hermetically sealed. Made 
by a process unique in this country; no thicker than paper (the 
walls range from 4/1000” to 7/1000”), they are tough, resilient and 





















every bellows is pretested and proved during forming. ELECTRONIC IN STRUMENTS LTD 
Write for List No. M 800-1 (B.7) 17 PARADISE ROAD + RICHMOND - SURREY 
ed DRAYTON REGULATOR & INSTRUMENT CO. LTD., WEST DRAYTON, MIDDX. 
nm er 





MP A NEW B.P.L. INSTRUMENT 


TS 
TELEVISION 


Aerialite 

Television Aerials are 

being installed as fast as they can 

be produced. Of good technical de- 

sign, robust construction, and easy to 

get, every Aerialite aerial will give 

clear, sharp, steady pictures, 

: > ith ** ghost.”” Send 

souilloecones VALVE SoETIETER  * Infinite Input | for Wustrated booklet giving 

% Hi we full ils. 

Resistance for D.C. ranges 0 to 300 volts. A.C. ranges acted 

0 to 150 volts in 5 ranges. 34-inch scale meter. E 

ee ee ene — ae Bh ERL \ | 

ced amplifiers for Y an plates giving a es 

trace pa rg Maximum sensitivity 150mV/cm. TELEVISION AERIALS \\\ | fl it 
Response from D.C. to 100 Kc/s. and a a — 


¢ d Limited quantity available for early delivery. 
+. e 


BRITISH PHYSICAL LABORATORIES 


V.3. HOUSEBOAT WORKS, RADLETT, HERTS. aia oa 
fou. Tel: Radlett 5674-5-6 Made by: AERIALITE LTD, STALYBRIDGE, CHESHIRE - 





er 
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SHUNTS 


made of special resistance aloy in 
strip or wire form fitted with copper 
or brass end blocks of ample cross 
section. Calibrated to order to sub- 
standard or commercial tolerances. 


RANGES: Up to 5,000 Amps. 


All Shunts are adjusted to 75 mV drop 
or made to customer's orders. 


VICTORIA 
INSTRUMENTS 


Proprietors: V.I.C. (Bournemouth) Ltd. 





Dy, as . 
SG a 
AT... site 


Telephone: ELGar 7871/2 
MIDLAND TERRACE, VICTORIA ROAD, N.W. 10 


June, 1949 





BROWN -E.R.D. 13 inch Portable Disc Recorder 
An important S. G. Brown product 





DISC RECORDER 


Incorporating the latest advances 
in Sound-on-Disc Recording 
Write for interesting brochures presenting full technical 


details of this latest development in Sound-on-Disc record- 
ing. Also 17 inch models for the Professional user. 


Ss. G. BROWN, LTD., Shakespeare St., WATFORD 


Established in Electro Acoustics and high precision Engin- 
eering for over 40 years. Manufacturers of the world- 
famous ‘ BROWN ' Gyro Compass. 


Telephone : WATFORD 7241. 




































































ATER) IMAPED | A DED . 

THE LOWEST EVER by-tor ett 
At | 74 / 4.7 1001036 

CAPACITANCE OR [a2 [74 | 1.3 | 024/044! 
ATTENUATION | A34/ 73 | 06 | 1.5 [0.88 
iMmEDIATE ——_| "rma || omer age OD" 
DELIVERIES C14 | 7.3 | 150] 25 [0.36 
FOR HOME PCA |410.2| 132] 3.4 [0.36 

& EXPORT oS: CH | 6.3 | 173| 3.2 10.36 
Cera cane foie raets «celverinto TC? | 6.3 | 171 | 2.15 10.44 
C22 | 5.5 | 164|2.8 |0.44 

oF, RADIO OR C3 | 5.4 | 197/ 4.9 [0.64 
C33 | 4.8 | 220] 2.4 |0.64 

C44 | 44 [252] 2.4 |4.03 
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PULLIN 


INDUSTRIAL 
SWITCHBOARD 
INSTRUMENTS 


PULLIN Type S 
Industrial Switch- 
board Instruments 
are completely 
new in design. 
The 4” and 6° 
Round Projecting 
Type case is of 
pressed steel, has 
a full open dial, and 
can be converted 
easily to flush type 
by using a separate 
fitment. The 6” 
dial rectangular 
pattern has a clean 
open scale. All 
types are available in Moving tron, 
Moving Coil or Dynamometer Pattern. 


=i We can give early deliveries—write for details 
Address all enquiries to 
MEASURING INSTRUMENTS (PULLIN) LTD 


Dept. E, Electrin Works, Winchester Street,. London, W.3 
Telephone ; ACOrn 4651/3 & 4995. 
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ELECTRONICS 


IN INDUSTRY 


@ POSTAL COURSE. E.M.I. Institutes, 
an associate of Britain’s largest group of Elec- 
tronic Companies (“His Master’s Voice’’, 
Marconiphone, etc.), have prepareda POSTAL 
COURSE specially suited to the needs of 
Industrial Executives and Technicians as well 
as to those of students. 


@ WRITE FOR FREE BOOKLET giving 
full details of this and other Postal and 
Attendance courses. 


@ ADVICE ON INDUSTRIAL ELEC- 
TRONIC PROBLEMS. An experienced 
consultation service is available to those who 
have problems of production or research 
which might be solved by Electronic methods. 


E.M.1. INSTITUTES ® 


DEPT. 11 43 GROVE PARK ROAD, CHISWICK 
LONDON, W.4. TELEPHONE: CHiswick 4417/8 











E.114a 














Mopern Servicinc MetTHop 








The ‘‘L.S.L.”’ Servicing Method is a combined fault analyser and 
circuit tester; | ble of indicating all voltage, 
current and resistance on each valve electrode without removing the 
chassis from the cabinet. Readings can be taken whilst the set is 
under actual operating conditions. The ‘‘L.S.L.”’ Analyser is a 
combination of multi-range instrument and valve tester. 


PRICE: £18 . 18 . 0 Subject. 
THE “LSL” PORTABLE ANALYSER 


* Saves time and trouble. * Greatly increases Profit in the Service 
Department. * Is portable, can be used on the bench or in the home. 
* Is simple to operate. 











Send for further particulars 
from the sole distributors: 










(neat saitain) Limited 


WARTON ROAD, STRATFORD, LONDON. €£.15, 
AND BRANCNES 






Telephone Maryland 661 


A e 23°20 St OUNSTANS HILL EC} 








Toangformero made lo meaowzce 





SAVAGE ‘TRANSFORMERS 
are built to satisfy 
customer’s _ individual 
requirements—they are 
not mass - produced, 
They are designed specially 
for the work they have to 
perform. 





Every SAVAGE TRANSFORMER is 
subjected to exhaustive elec- 
trical and mechanical tests 
before despatch. to ensure 
years of faultless service. 
Available in al! capacities up 
to 5 KVA. 


If yours is a TRANSFORMER 
PROBLEM—write to us. We 
can solve it. Please address 
technical enquiries personally 
to our MR. W. BRYAN SAVAGE at 

















ae ransFOnMERs are 


: ; SAVAGE TRANSFORMERS LTD., 
| NURSTEED"ROAD, DEVIZES, 





: Telephone 536 





BILITY 

QUAL, ry Cy 

MAINS TRANSFORMERS 

A.F. TRANSFORMERS 

SMOOTHING CHOKES 

THERMAL DELAY SWITCHES 

SLIDER RESISTANCES 

Mads 


OLIVER PELL CONTROL LTD 





Partridge Hews 


HOME-BUILT TELEVISOR 
All the specified ‘* Partridge '’ components 
are available from stock, as follows:— 
Power-Pack Transformer— 
Sub-Chassis mounting ML/435A ... 
Super-Chassis mounting DN/435A 
.H.T. Transformer mounting 
VDH/436A ... 77/- 
Smoothing Choke mounting DL 404A 29/- 
Smoothing Choke mounting DL/40! 17/- 
May we send you our price list of over 100 other 
transformers and chokes available from stock ? 


92/- 
105/- 


PARTRIDGE PPO RANGE 


** The finest Output Transformer ever to 
be manufactured.”’ A technical data sheet 
is available on application. 


LONDON SALES OFFICE 


All our standard components are available 
at our Westminster Office situated at— 
King’s Buildings, 
Dean Stanley — 


Millbank, S 
(Telephone : ADBey 2244) 


The office is open from 9 a.m. to | p.m., and 
2 p.m. to 5.30 p.m. Mondays to Fridays only. 


Telephone: Elmbridge 6737/8 


PARTRIDGE 


TRANSFORMERS LTD 
ROEBUCK RD., TOLWORTH, SURREY. 














WE OFFER 


A large range of used and new Test 
Equipment, Converters, Recorders, 
Amplifiers, Motors, Transformers, etc. 


All guaranteed and at very attractive 
prices. 


We buy good modern used equip- 
ment of all types for spot cash. 
UNIVERSITY RADIO LTD, 
22 LISLE STREET, LONDON, W.C.2. 
Tel. GER 4447 and GER 8582. 
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D.C. AMPLIFIERS 


High gain (1,000,000 times) 
low noise level 


Stabilized against 
mains supply variations 
and internal drift 


THE WALLANDER CO. 


3, MEAL MARKET, 
HEXHAM - ON - TYNE. 























Silver 


IMMEDIATE DELIVERY OF GRADES 
FOR METALLIZING 


CERAMICS, MICA, 
GLASS & PLASTICS 








All Enquiries to our NEW ADDRESS— 
42, TOWNGATE STREET, 
POOLE, DORSET 


Telephone No. Poole |24! 








L.T.P. REWIND SERVICE 





All rewinds are 
Layer Wound, Vacuum Impregnated, 
Pressure tested at 2,000 volts 
and guaranteed for three months. 
48 hour service. 


Enquiries : 


London Transformer Products Ltd. 
L.T.P. Works, Cobbold Estate, 
Willesden, London, N.W.10 


Telephone WiLlesden 6486 














GRADES 
G 


ICA, 
STICS 


REET, 











Weston 


DYNAMOMETER 
SUB-STANDARD 
INSTRUMENTS 


This latest development of the well- 

known ‘ Weston ’ sub-standard 

Wattmeter is made in three models, 

each of high-grade dynamometer 

type, designed for a wide range of 

precision measurements. The 

standard series is particularly suitable for meter standardisation and for use as a 
transfer standard between A.C. and D.C. circuits. Type 2 is recommended for low 
power factor circuits and Type 3 for higher power frequencies. Similar in size and 
design, each is housed in a lightweight Bakelite case, with easy reading 6” scale, 
knife-edge pointer and anti-parallax mirror. The moving element is fitted with 
spring-loaded jewels, double magnetic shielding is employed and each instrument 
carries a certificate of individual performance and guarantee of accuracy to 0.25%. 
Ample voltage and current ranges are available by simple switching which can be 
safely applied when the instrument is on load. Model S67 (as illustrated). Size 
11” x 93” x 63”. Weight 10 Ibs. (approx.). 


SANGAMO WESTON LIMITED 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX. 
Telephone: . ° ° . ° ° . - ENField 3434 & 1242. 


Scottish Factory : Port Glasgow, Area Depots : 201 St. Vincent Street, 22 Booth Street, Milbura House, 33 Princess Street, 

; Renfrewshire, Glasgow. Manchester. Newcastle-on-Tyne. Wolverhampton. 

Scotland. Tel. : Central 6208. Tel. : Central 7904. Tel. : Newcastle 26857. Tel. : Wolverhampton 
21912 


' 
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As. always, WEBB’S lead in. offering the latest 
developments from the most varied and com- 
prehensive stock in the country. 


TEST APPARATUS 


AVO SIGNAL; GENERATOR 

new oscillator giving high standard 
performance at a reasonable price combined 
with AVO’s renowned workmanship and 
reliability (50 Kc/s to 80 Mc's in 6 6 Sapte. 
Cash Price. i £25 


AVO ELECTRONIC TESTMETER 
A valve-operated multi-range measuring 
device which covers in the one instrument 
almost every measurement needed in the 
professional or amateur Radio Laboratory. 

Price . } , . £35 


TAYLOR SIGNAL GENERATOR 6s5C 
Just released and a very worthy addition to 
Taylor’s famous range of test apparatus. 
Coverage, 100 —— to 160 Mc’s. in 7 bands. 
Cash Price . £17/15/0 


TAYLOR VALVE TESTER 47A/P 
A comprehensive valve tester, combined 
with multi-range test meter. 
Cash Price 


WAYNE KERR 

BRIDGE Brot ’ 

Gives accurate measurement of resistance, 
capacitance and inductance. Direct 

indication of asco ioe and * Q.” 

Cash Price . ; £27/6/0 


INDUCTANCE 


Primarily for accurate measurement of 
inductances between 1 microhenry to 100 
millihenries in 5 decades. Also capacitance 
I-25 and 2§-1,000 ai 

Cash Price . £38/s/0 


£29/10/0 
COMPONENT 


WAYNE KERR 
METER 


COMMUNICATION 
EQUIPMENT 


EDDYSTONE “640” RECEIVER 


The world’s best value in receivers. Built 
to true ‘‘ Communications ”’ specification on 
the famous EDDYSTONE “ Unit Con- 
struction ” principle with every component 
of the-highest grade. Coverage, 31 to 
1.7. Mc/s. in ee — For A.C. 
operation £27/10/o 


TELEVISION COMPONENTS 


FOR “ HOME-+BUILT TELEVISOR ” 
Woden EHT 4KV., £3/5/0, sKV., £3/12/¢ 
Woden Mains Transformer —. £4/18/6 
T.C.C, 32-32 pF 450V, (revision) . sale 
C.R.T. Masks (black), 12 in. 15/0 


9 in, 10/0 
Tubes CRMi21 . £15/2/5 
G.E.C.6s501 


£11/6/10 
FOR “ FLY-BACK ” E.H.T. 


Westinghouse Rectifier 36EHT35 . 17/6 
T.C.C. CP56VO 0.001 uF 12.5KV. 7/6 
T.C.C, CP5s5QO 0.001 HF 6KV . 4/6 





“WEBB’S 
EXTENDED PAYMENT 
SCHEME 


offers you a dignified and convenient 
method of purchasing out of income. 
Your inquiries are invited for any 
Radio or Electronic apparatus. 














WEBB’S RADIO,§ 14 SOHO STREET, OXFORD STREET, LONDON, W.I. 


An ‘improved and enlarged versid 
our famous pre-war globe brought 
up to date with new Contin 
boundaries and 1948 Amateur R 
Prefixes. The enlarged dia 
(134 in.) greatly increases map area 
a compass fitted in the base 
correct orientation simple. Inval 
for quick location of unfamiliar 
and a handsome adjunct to receiv 
transmitter, Price, 47s. 6d. to 


HIGH FIDELITY 
REPRODUCTION 


Our newly equipped demonstration 

gives unexcelled opportunity to com 
the best of modern apparatus. Yo 
invited to hear such equipment as : 


AMPLIFIERS 


i Ry: One” : ae 
| Concerto ” » .  §27/ 
Charles ur oS | . : ale 
Sound Sales “ SS12” 
a3) 


Acoustical QA/ 12/P 


LOUDSPEAKERS 
Mordaunt ‘“‘ Duplex ” 
Wharfedale ‘‘ Corner” . 
Wharfedale i Cabinet a 
Vitavox ‘‘ Bitone ” 
Voigt ‘“* Domestic ”’ 
Acoustical ‘ Labyrinth ” 
Sound Sales “ Phase Inverter 
Barker “‘ 148A” 
Goodmans “ Axiom Twelve” 
Rola ‘‘ G12 
Wharfedale * W12CS » 

* WT I0CS "os. 


B.Tan RR”. 
Goodmans “ 12” 


PICK-UPS 
Connoisseur . 
Wilkins & Wright 
Brierley 

Decca . 


GRAM-MOTORS 


We stock COLLARO -Motors at : 
prices. Also the BEST so*-~ available, 
silent-running C wotatatc carts Mot 
Price . ‘ . £18/r 


Telephone :*GERrard 2089. Hours of Business : Weekdays, 9 a.m.-5.30 p.m. (Sats., 9 a.m.-1 duit 
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